OUTLINE 


Chapter 1. Outline 


1.1 INTRODUCTION 


The Central Processing Unit (CPU) used in the Super NES is a 65C816 CMOS 
16-bit microprocessor. This microprocessor is compatible in every way with the 
NMOS 8-bit 6502. Address space can be expanded in the SNES CPU to 16 
megabytes. Moreover, by means of a software switch, 8-bit emulation can be real- 
ized. 

Accumulators, ALU, X/Y Registers, and Stack Pointers are all expanded to 16 
bits. Various new designs are added to improve the microprocessors functions. 
For example, to further enhance the zero page addressing mode of the eight bit 
version, a 16-bit direct page register has been added. The 65C816 is suited for 
applications that require high level processing capabilities, such as data process- 
ing programs and real time programs. 


1.1.1 Special Features 

e 24-bit address busses that can access 16 megabytes of memory space. 

° 16-bit ALU, accumulators, Stack pointers, indexes, and X/Y registers. 

e Emulation mode that is compatible with NMOS 6502 in terms of both soft- 
ware and hardware. 

e VDA and VPA output signals that facilitate cache memory and DMA opera- 


tion. 

e VPB output signal that indicates the timing of interrupt vector at address 
point. 

e ABORT interrupt that does not alter the status of internal registers. 

° Two bank registers, namely DBR and PBR, that segment program. 

e Direct register that makes it possible, within the 00 bank, to designate an 
optional area as zero page. 

° 24 types of addressing modes (11 new types were supplemented to the 13 


Original ones for NMOS6502). 

WAI and STP commands that realize low electricity consumption. 
COP command for co-processor. 

Block transfer function. 

Uses CMOS structure. 
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Figure 3-1-1 SNES CPU Block Diagram 
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Figure 3-1-2 SNES CPU Terminal Interface Diagram 
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2.5 


Chapter 2. Explaination of CPU Terminal Functions 
ABORTB 


ABORT is input to delete a command. When the input signal is at a “low” level dur- 
ing command execution, ABORT does not affect the internal registers. After the 
command being performed is completed, the interrupt sequence starts. The loca- 
tion of the OP CODE that has been aborted is stored as a return address in the 
stack memory. The abort vector addresses are OOFFF8 and OOFFF9 in the emula- 
tion mode. In the native mode OOFFE8 and OOFFE9 are used for vector address- 
es. Since ABORTB is a pulse sensitive input, whenever a negative pulse is input 
during @2 clock, ABORTB starts functioning. 


ADDRESS BUSSES (A0-A15) 


Addresses buses generate 16-bit address information. They are used for address- 
ing memory and I/O. By using a bus enable (BE) signal, it is possible to make it 
high impedance. 


BUS ENABLE (BE) 


When BE input signal is active, it controls address, data bus buffer, and RW sig- 
nal. When BE is active “high”, RW and address buffer become active. Data/ad- 
dress buffer becomes active during the first half of each cycle and during the latter 
half of a write cycle. When BE input is at a “low”, the above buffers are disabled, 
high impedance status. BE is a non-simultaneous input signal. 


DATA ADDRESS BUSSES (D0/BA0-D7/BA7) 


Data/address busses are 8 signal wires that multiplex bits BAO-BA7 of data and 
address. Addresses are generated during the first half of a memory cycle, and the 
data is read or written during the latter half of a memory cycle. Two memory cy- 
cles are required in transferring 16-bit data. By using BE signal, it is possible to 
make it high impedance. 


EMULATION STATUS (E) 


it generates the emulation mode flag (E) status of a processor status register. This 
signal is exercised in the expansion of OP CODE, and is used for memory and 
system management. 
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INTERRUPT REQUEST (IRQB) 


This signal is used to activate the interrupt processing sequence. When IRQ dis- 
able flag is clear and “low” level is input with a command other than WAI being ex- 
ecuted, the interrupt function is put on hold until the command currently in 
execution is completed. The interrupt processing sequence is then activated. 
IRQB vector addresses are OOFFFE and OOFFFF in the emulation mode. In the 
native mode OOFFEE and OFFEF are used for vector addresses. Since IRQ is a 
level sense input, the interrupt is repeated again unless the interrupt source is 
cleared. On the contrary, if the interrupt source is cleared before the interrupt is al- 
lowed, there will be no interrupt. 


MEMORY CLOCK (MLB) 


This output signal becomes active during the read/modify/write command. It in- 
forms other devices that the bus cannot be used until the read/modify/write com- 
mand is completed. It depends on the status of the processor status register’s “M” 
flag, but the ML signal generates a low level during the last 3 to 5 cycles of com- 
mands ASL, DEC, INC, LSR, ROL, ROR, TRB, and TSB. 


MEMORY/INDEX SELECTION STATUS (M/X) 


This output terminal generates the M and X flags of the processor status register 
in a multiplexed form. The M flag becomes active when @2 clock is high. The X 
flag becomes active when @2 clock is low. These bits are considered an expan- 
sion of the OP code and are used for memory and system management. 


NONMASKABLE INTERRUPT REQUEST (NMIB) 


The microprocessor detects the low edge of this signal and activates the interrupt 
sequence. Except during the execution of a WAl command, the interrupt is put on 
hold until the currently executed command has completed. The vector addresses 
of non-maskable interrupts are OOFFFA and OOFFFB in the emulation mode. In 
the native mode vector addresses OOFFEA and OOFFEB are used. Since NMI is 
the edge trigger input, detection of the low edge of this signal during the interrupt 
will cause the interrupt to be repeated. However, if a low level is maintained, the 
interrupt is not activated at all. 


G2 IN 


This is a system clock input from the microprocessor'‘s internal clock signal gener- 
ator circuit. In low electricity consumption mode, the status of the internal register 
is maintained by a high level at this point. 
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2.13 


READ/WRITE (R/W) 


This signal indicates the transfer direction of data on a data bus. A low level indi- 
Cates that the data is transferred from the microprocessor to memory or the pe- 
ripherals. A high level indicates that the data is transferred from the memory or the 
peripherals to the microprocessor. By using the BE signal, the R/W signal can be- 
come high impedance. 


READY (RDY) 


This is a bidirectional signal. Upon its output a WAI command is executed, inform- 
ing the user that the microprocessor can be Stopped. If a low level is input, the mi- 
croprocessor stops at its current status. (Note: This is possible in emulation mode 
only during the read cycle.) When the level is switched back to high, the micropro- 
cessor resumes the status that is registered right after the next @2 in clocks low. 
RDY signal is internally pulled down to a low level once WAI command is execut- 
ed. When the external interrupts such as RES, ABORT, NMI, OR IRQ are intro- 
duced, a high level is resumed. Therefore, by setting WAl command upon the 
Start of the interrupt processing routine, the delay caused by the interrupts can be 
deleted. If IRQ is generated when IRQ disable flag is set, the next command will 
be executed. When RDY signal is stabilized at a high level, even after WAI com- 
mand, the microprocessor will not stop. The STP command does not affect RDY 
at all. 


RESET (RESB) 


Reset is used to initialize the microprocessor and start execution of a program. Af- 
ter the power supply and the voltage reach normal operating levels, a low level 
must be maintained for at least 2 clock cycles. While the reset is low, RDY doesn't 
function at all. During the reset status, the initial routine of the next processor is 
conducted. 


Registers 
D =0000 SH = 01 
DBR = 00 XH = 00 
PBR = 00 YH = 00 


N Vv M xX D I Z CIE 
PET Ti Ts [o[s[- [i] += 
STP and WAI instructions are cleared. 
Signals 

E=1 VDA =0 

M/X = 1 VPB = 1 

RW = 1 VPA = 

SYNC =0 


When the reset input reaches a high level, the interrupt sequence is activated. 
During the stack address cycle, the R/W Signal maintains a high level. The reset 
vector addresses are OOFFFC and OOFFFD. 
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ii 2.14 VALID DATA ADDRESS (VDA)/VALID PROGRAM ADDRESS (VPA) 


These two outputs indicate the type of memory that is accessed by the address 
bus. 


Internal Operation; Bus at Idle 
Fetching of Program Byte 


R/W of Data 
Fetching of OP Code; Equivalent to SYNC 


2.15 VECTOR PULL (VPB) 


This output signal indicates that the vector location is being addressed during the 
interrupt Sequence. When the microprocessor reads the interrupt vector, a low 
level is generated during the last 2 cycles of the interrupt processing routine. By 
using VPB the vector address can be modified, thus making it possible to select 
the source of interrupt and to prioritize the activities. 
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Chapter 3. Explaination of Functions 


As shown in Diagram 1, the 65C816 has the following registers that enable the 
use of various programs. The 8-bit registers of the 6502 have been expanded to 
16 bits. A 16-bit Direct register and two 8-bit bank registers have been added. Fur- 
thermore, the 16-bit address bus has been expanded to 24 bits. 


beweeocrrcsscorccrocrcccecoerce. 


Fal Pe oe ea as Pe X Register Hi RES SSS SSB es 
{ (DBR) XH (ee 


INDEX REG. 
MEMORY SELECT 
OVER FLOW 
NEGATIVE 


EMULATION 1= 6502 
O= NATIVE 
TRUE 


RESULT ZERO 
DISABLE 
RUE 
1=8 BIT, 0=16 BIT 
=6502 1=8 BIT, 0=16 BIT 
Registers UE 


aa 
JD 


3.1 INSTRUCTION REGISTER/DECODE 


The OP Code enters the processor via the data bus. After being latched by the 
command register during the command fetching cycle, the OP Code is decoded 
based on timing and interrupt Signals. After being decoded, the OP Code gener- 
ates various control signals. 


3.2 TIMING CONTROL UNIT (TCU) 


The timing control unit traces the execution of each command cycle. Each time a 
command is fetched, the TCU is reset to 0. The TCU increments until a specific 
command is completed. Data transfer between registers depends on the results of 
the command register’s and TCU’s decoding. 
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3.3. ARITHMETIC LOGIC UNIT (ALU) 


All mathematical computations and logical calculations are conducted by a 16-bit 
ALU. Not only can the ALU calculate data, but it also handles relative functions 
and calculates the effective addresses of the indexed address mode. The results 
of calculations are then stored in memory or in the internal registers. Furthermore, 
based on the ALU’s calculated results, C, N, V, and Z flags are updated. 


3.4 ACCUMULATORS (A, B, C) 


The accumulator is a general purpose register that stores calculated results of the 
ALU and the operand. In the native mode (E=0) when the accumulator select bit 
(M) is 0, the accumulator operates at the width of 16 bits (A+B+C). When the ac- 
cumulator select bit is 1, the accumulator operates at the width of 8 bits. In the lat- 
ter case, the higher byte (B) is linked to XBA command and is used as a 
temporary storage register. 


3.5 DATA BANK REGISTER (DBR) 


In calculation mode, during memory transfer, the 8 bit data bank register main- 
tains the default bank address. The 24 bit address is composed of a 16 bit com- 
mand effective address and an 8 bit data bank address. The register value is 
multiplexed with the data and during the first half of the data transfer memory cy- 
cle the value appears on the Data/Address terminal. During reset, the data bank 
register is initialized at 0. 


3.6 DIRECT REGISTER (D) 


The 16 bit direct register provides address offset to all commands that use direct 
addressing. The effective bank zero address is made by adding the 8 bit com- 
mand operand to the direct register. During reset, the direct register is initialized at 
0. 


3.7 INDEXES (X and Y) 


There are two index registers, X and Y, that are used as the all purpose register or 
as the device that provides the index value needed in calculating the effective ad- 
dress. When the indexed addressing command is executed, the microprocessor 
fetches the OP Code and the base address. Before conducting the desired calcu- 
lation, the microprocessor incorporates the content of the indexed register into the 
base address, thus modifying the address. In the native mode (E=0) when the in- 
dex select bit (X) is 0, both registers are operated at the width of 16 bits. When the 
index select bit is 1, both registers are operated at the width of 8 bits and each 
higher bit is stabilized at 0. 
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3.10 


3.11 


PROCESSOR STATUS (P) 


The 8 bit processor status has status flags and a mode select bit. Carry (C), nega- 
tive (N), overflow (V), and zero (Z) status flags show most of the ALU computation 
Statuses. By testing these status flags, conditional branch commands can be 
used. Decimal (D), IRQ disable (1), memory accumulator (M), and index (X) bits 
can be used as the mode selection flags. These flags are set by the program to 
change the operation of the microprocessor. Emulation (E) and break (B) flags 
can be accessed only through the processor status register. The E flag is selected 
by XCE command. When interrupt occurs in emulation mode, the B flag is written 
on the stack memory as the processor status register’s bit4. 


PROGRAM BANK REGISTER (PBR) 


During all kinds of command fetching, the 8 bit program bank register maintains 
the bank address. The 24 bit address is composed of the 16 bit command effec- 
tive address and the 8 bit program bank address. The content of this register is 
multiplexed with the data and appears on the Data/Address terminal during the 
first half of the program memory read cycle. During reset, the program bank regis- 
ter is initialized at 0. Upon PHK command, the contents of the program bank reg- 
ister is stored in the stack. 


PROGRAM COUNTER (PC) 


The program counter is a 16 bit register that indicates the address of the next 
command that will be executed by the microprocessor. This register increments 
each time a command is fetched from the program memory. 


STACK POINTER (S) 


The stack pointer is a 16 bit register that indicates the next access location within 
the stack memory territory. This register is not only used for subroutine and inter- 
rupt processing, but also as the effective address in the stack addressing mode. 
The stack pointer executes the nested subroutine and allows interrupt at various 
levels. In emulation mode, the higher byte is always at 01. During all kinds of 
Stack operation, the bank address is at bank 00. 
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Chapter 4. Addressing Mode 


The 65C816 can directly address the 16 megabyte memory. As described below, 
some addresses have special features. 


RESET AND INTERRUPT VECTOR 
The reset and the interrupt vector both use the fixed address space between 


OOFFEO and OOFFFF. 

E=1 _ 

OOFFFE,F IRQ/BRK Hard/Soft 
OOFFFC,D Reset Hard 
OOFFFA,B NMI Hard 
OOFFF8,9 Abort Hard 
OOFFF6,7 Reserved 

OOFFF4,5 COP Soft 
E=0 a 

OOFFEE,F IRQ Hard 
OOFFEC,D Reserved 

OOFFEA,B NMI Hard 
OOFFE8,9 Abort Hard 
OOFFE6,7 BRK Soft 
OOFFE4,5 COP Soft 
STACK 


The stack uses the memory space between addresses 000000 and OOFFFF. The 
effective address of the stack and the stack relative addressing mode always op- 
erate within this range of addresses. 


DIRECT 


Direct addressing is usually used to store the content of a register or a pointer in 
memory. The effective addresses created by direct/direct/X and direct/Y address- 
ing modes always exist in bank 00 (000000-00FFFF). 


PROGRAM ADDRESS SPACE 


A program bank register is not affected by the increment from FFFF recorded in 
relative, relative long, absolute, absolute indirect, or absolute index indirect ad- 
dressing modes, or by the program counter. RTI, RTL, JML, JSL, and JMP abso- 
lute long commands are the only commands that affect the program bank register. 
Code segments cannot go beyond a bank border, but the program code can go 
beyond 64 Kbytes. 
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4.5 DATA ADDRESS SPACE 


As shown below, the 65C816 has 24 types of powerful addressing modes. 
Direct index, indirect (d,x) 
Direct indirect, index (d), y 
Direct indirect (d) 
Direct indirect, long [d] 
Direct indirect, long index [d], y 
Absolute a 
Absolute indexed a,y 
Absolute long al 
Absolute long, index al, x 
Stack relative indirect address (d,s), y 


The data address space is connected by the 16 mega byte address space. Re- 
gardiess of any data structure, e.g.; word, array, or record, the data can go be- 
yond the 64 Kbyte bank border without limiting the efficiency of a code. 
4.5.1 Immediate# 
The operand in the 8-bit mode is the second byte; in 16-bit mode, the oper- 
and is the 2nd and 3rd byte. 
4.5.2 Absolute a 
The second and the third bytes of the command become the lower 16 bits 
of the effective address. The higher 8 bits of the effective address can be 
obtained from the data bank register. 


instucton: 


Reores ~=6©| ~«6DBR | addh | addd | 


4.5.3 Absolute Long al 
The second, third, and fourth bytes of the command compose the 24-bit ef- 
fective address. 


Instruction : [opcode 


Operand =| addr | addrh | addt | 
4.5.4 Direct d 
The effective address can be obtained by adding the second byte of the 
command to the content of the direct register (D). If the content of the direct 
register does not coincide with the page border, i.e., if the DL is not at 00, 
one cycle is added. The bank register is always at 00. 


Instruction: 


| Direct Register 


+ | offset | 


d ES 
Aadress: 00 | _ effective address | 
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Accumulator A 

This addressing mode is always a single byte. The accumulator is the oper- 
and. 

Implied i 

This addressing mode is a single byte command, where all the necessary 
addressing information is incorporated in the command code. 

Direct Indirect Index (d), y 

This addressing mode is sometimes referred to as the indirect, y. The sec- 
ond byte of the command is added to the direct register. The content of the 
16-bit memory location that is selected as a result of the above addition, is 
linked to the data bank register thus forming a 24-bit base address. The 
value attained by adding the Y index register to the 24-bit base address be- 
comes the effective address. 


Instruction 


| Direct Register 


| 

f | offset | 

| 00 | direct address | 

then | 00 | (direct address) | 
~  +{ DBR | 

| base address | 

+ | | Y Reg | 

Operand| effective address i 

Address: 


4.5.8 Direct Indirect Long Index [d], y 


In this mode, the sum of the second byte of the command and the direct 
register selects the 24-bit base address. The sum of the Y index register 
and the 24-bit base address value that has been indicated by the afore- 


mentioned pointer becomes the effective address. - 
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| Direct Register | 

+ | offset | 

| 00 | direct address | 

then: | (direct address) | 
| | YReg | 

Operand| effective address | 


Address: 


4.5.9 Direct Index Indirect (d, x) 
This addressing mode is sometimes referred to as the indirect, X. The sec- 
ond byte of the command is added to the sum of the direct register and the 
X index register. The resultant sum becomes the pointer of the lower 16 
bits of the effective address. The content of the data bank register be- 
comes the higher 8 bits of the effective address. 


Instruction : 


| Direct Register | _ 
+ | offset | 
| direct address | 
- | |  X Reg | 
| 00 | address | 
then: | 00 | (address) | 
*| par | 
Ae | effective address | 
Sat 
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4.5.10 Direct Index with X d, x 
The second byte of the command is added to the sum of the direct register 
and X index register. The resultant value becomes the lower 16 bits of the 
effective address. The operand is always at bank 00. 


Instruction: [opcode | _ofeet 


| Direct Register 


+ | offset 


| 
| 
| direct address | 
mm | | XReg | 
| | 


Operand 00 


Address: effective address 


4.5.11 Direct Index with Y d, y 
The second byte of the command is added to the sum of the direct register 
and Y index register. The resultant value becomes the lower 16 bits of the 
effective address. The operand is always at bank 00. 


Instruction: 


| Direct Register 


+ | offset 


Operand 00 


Address: 


| 
| 
direct address | 
| 
effective address | 


| 
i | | Y Reg 
| 


4.5.12 Absolute Index with X a, x 
The second and third bytes of the command are added to the X index reg- 
ister, forming the lower 16 bits of the effective address. The content of the 
data bank register becomes the 8 bits of the effective address. 
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+ : X Reg 


pice effective address 


4.5.13 Absolute Long Index with X al, x 
The second, third, and fourth bytes of the command compose the 24-bit 
base address. The effective address is expressed by the sum of this 24 bit 
address and X index register. 


Instruction : [~opeod 


| baddr | — addrh | addr 


| 
+ | X Reg | 


ete effective address 


4.5.14 Absolute Index with Y a, y 
The second and third bytes of the command are added to the Y index reg- 
ister and become the lower 16 bits of the effective address. The content of 
the data bank register becomes the higher 8 bits of the effective address. 


Instruction : [opcode [ada [ade 


| DBR | addrh | addi | 
+ | Y Reg | 
pore effective address 
(NCL PG 15) 
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4.5.15 Program Counter Relative r 
This address mode is referred to as a relative addressing mode and used 
only for branch commands. If the conditions that are tested are true, the 
2nd byte of the command is added to the program counter that is already 
reset to the point of the next command‘s OP code. Offset is possible be- 
tween -128 and 127 of the coded 8 bits. There is no effect on the program 
bank register. 

4.5.16 Program Counter Relative Long rl 
This address mode is referred to as a relative long addressing mode and 
used only with BRL or PER commands. The 2nd and 3rd bytes of the com- 
mand are added to the program counter that is already reset to the point of 
the next command’s OP code. The result will be loaded into the program 
counter when using BRL command. When using PER command, the result 
will be stored in the stack. The offset is a signed 16-bit quantity in the range 
from -32768 to 32767. There is no effect on the program bank register. 

4.5.17 Absolute Indirect (a) 
Within bank 00, the second and third bytes of the command become point- 
ers. The first and second bytes that are indicated by these pointers are 
loaded into the program counter. When using JML command, the third byte 
that is indicated by these pointers is loaded into the program bank register 


(PBR). 
Insuction: [opoode add | _aderhy 
Indirect Address=| 99 | addrh | — adarl 


New PC= (indirect address) 
With JML: 

New PC= (indirect address) 

New PBR= (indirect address + 2) 
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4.5.18 Direct Indirect (d) 
The pointer for the effective address’s lower 16 bits can be obtained by 
adding the second byte of the command to the direct register. The higher 8 
bits will be the value of the data bank register (DBR). 


Instruction : [opcode | ofeet 


| Direct Register 


| 

+ | offset | 

| 00 | direct address | 

then: | 00 | (direct address) | 

*| per | | 

Operand | effective address | 
Address: 


4.5.19 Direct Indirect Long [d] 
The pointer of the 24-bit effective address is the result of adding the 2nd 
byte of the command to the direct register (DR). 


insttucton: 


Direct Register 


+ | Offset | 


| 00 | direct address | 
then: 
aieed| (direct address) | 
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4.5.20 Absolute Index Indirect (a, x) 
In order to convert the 2nd and 3rd bytes of the command into 16-bit point- 
ers within bank 00, the second and third bytes are added to the X index 
register. The content of the pointers is loaded into the program counter. 
There is no change in the program bank register (PBR). 


instruction : [opcode [ada | ade 


| addrh | addri | 
| [xreg | 
| PBR | address | 


PC = (address) 


4.5.21 Stack s 
Stack addressing is used by all commands that push or pull data from the 
stack e.g., commands such as; push, pull, jump to a subroutine, return from 
a subroutine, interrupt, or return from an interrupt. The bank address is al- 
ways at 00. The interrupt vector is always fetched from bank 00. 

4.5.22 Stack Relative d, s 
The lower 16 bits of the effective address can be obtained by adding the 
2nd byte of the command to the stack pointer. The higher 8 bits of the ef- 
fective address are always 00. The relative offset is in the range of 0 to 255 


of the unsigned 8 bits. 
Instruction: [| opcode | offset | 
| Stack Pointer | 
+ | offset | 


Operand | 


Address: 00 effective address | 
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The sum of the second byte of the command in the stack pointer becomes 
the pointer for the lower 16 bits of the base address within bank 00. The 
higher 8 bits of the base address contains the contents of the data bank 
register. The effective address is the sum of this 24-bit base address and 
the Y register. 


Instruction: 


| Stack Pointer | 
+ | offset | 
| 00 | S + offset | 
hea: | S + offset | 
+| DBR | 
| base address 
4. | | YReg | 
i 


4.5.24 Block Source Bank Destination Bank xyc 
This addressing mode is used for a block transfer command. The second 
byte of the command is the higher 8 bits of the transfer destination ad- 
dress. The lower 16 bits are stored in the Y index register. The third byte of 
the command is the higher 8 bits of the transfer source address. The con- 
tent of the X index register becomes the lower 16-bit address of the trans- 
fer source. The C accumulator has the value of the number of transferred 
bytes -1. The second byte of the block transfer command is also loaded to 
the data bank register. 


Instruction: 


dstbnk — DBR 


Source 
Address: | srcbnk | XReg | 
adciess | DBR | YReg | 


Increment (MVN) or decrement (MVP) X and Y. 
Decrement C (if greater than zero), then PC+3-> PC. 
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rer, 


ADC 
AND 
ASL 


BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 
BRA 
BRK 
BRL” 
BVC 
BVS 


CLC 
CLD 
CLI 
CLV 
CMP 
COP* 
CPX 
CPY 
DEC 
DEX 
DEY 


EOR 


INC 
INX 
INY 


JML* 
JMP 
JSL 
JSR 


COMMAND SET (ALPHABETICAL) 


Chapter 5. Command Set (Alphabetical Order) 


Addition with carry over between memory and accumulator 
AND of memory and accumulator 
One-bit left shift of memory or accumulator 


Branching caused by clearing carry 
Branching caused by setting carry 
Branching caused by result 0 

Test by memory bit’s accumulator 
Branching caused by a minus result 
Branching when the result is not 0 
Branching caused by a plus result 

Always branching 

Forced break 

Branch always at long address 
Branching caused by clearing overflow 
Branching caused by setting overflow 


Clear carry flag 

Clear decimal mode 

Clear interrupt disable bit 

Clear overflow flag 

Comparison of memory and accumulator 
Co-processor command 

Comparison of memory and index X 
Comparison of memory and index Y 
Decrement 1 memory or accumulator 
Decrement 1 index X 

Decrement 1 index Y 


Exclusive OR of memory and accumulator 


Increment 1 memory or accumulator 
Increment 1 index X 
Increment 1 index Y 


Jump to new location at long address 

Jump to new location 

Jump to subroutine at long address 

Save return address and jump to new location 


Note: * are new commands for 65C816. 
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LDA 
LDX 
LDY 
LSR 


MVN* 
MVP* 


NOP 
ORA 
PEA* 
PEI* 


PER* 
PHA 
PHB* 
PHD* 
PHK* 
PHP 
PHX 
PHY 
PLA 
PLB* 
PLD* 
PLP 
PLX 
PLY 


REP* 
ROL 
ROR 
RTI 
RTL* 
RTS 


Load memory to accumulator 

Load memory to index X 

Load memory to index Y 

One-bit right shift of memory or accumulator 


Forward block transfer \ 
Block transfer in reversed direction 


No operation 
OR of memory and accumulator 


Push effective absolute address to stack 
(push immediate data to stack) 

Push effective indirect address to stack 
(push direct data to stack) 

Push effective program counter’s relative address to stack 
Push accumulator to stack 

Push data bank register to stack 

Push direct register to stack 

Push program bank register to stack 
Push processor status to stack 

Push index X to stack 

Push index Y to stack 

Pull from stack to accumulator 

Pull from stack to data bank register 

Pull from stack to direct register 

Pull from stack to processor status 

Pull from stack to index X 

Pull from stack to index Y 


Reset processor status bit 

One-bit left cycle of memory or accumulator 
One-bit right cycle of memory or accumulator 
Return from interrupt 

Return from subroutine to long address 
Return from subroutine 


Note: * are new commands for 65C816. 


(NCL PG 21) 


COMMAND SET (ALPHABETICAL) 


SBC 
SEC 
SED 
SEI 
SEP* 
STA 
STP* 
STX 
STY 
STZ 


TAX 
TAY 
TCD* 
TCS* 
TDC* 
TRB 
TSB 
TSC* 
TSX 
TXA 
TXS 
TXY* 
TYA 
TYX* 


WAI* 
WDM* 


XBA* 
XCE* 


Subtract memory from accumulator with borrow 
Set carry flag . 

Set at decimal mode 

Set interrupt disable bit 

Set processor status bit 

Store accumulator in memory 

Stop clock 

Store index X in memory 

Store index Y in memory 

Store 0 in memory 


Transfer accumulator to index X 

Transfer accumulator to index Y 

Transfer C accumulator to direct register 
Transfer C accumulator to stack pointer register 
Transfer direct register to C accumulator 
Test/reset bit 

Test/set bit 

Transfer stack p5ointer register to C accumulator 
Transfer stack pointer register to index X 
Transfer index X to accumulator 

Transfer index X to stack pointer 

Transfer index X to index Y 

Transfer index Y to accumulator 

Transfer index Y to index X 


Interrupt on hold 
Reserved for future use (currently not used) 


Exchange of B and A accumulators 
Exchange of carry and emulation hits 


Note: * are new commands for 65C816. 


(NCL PG 22) 


REV. A of September 1, 1991 
3-5-3 


SNES DEVELOPMENT MANUAL 


Chapter 6. Command Set (Matrix Display) 


Command Code Example 


Instruction Addressing 
Mnemonic * = 65C816 command Mode 
@ = 65C02 command 
blank = NMOS6502 command 
Basic byte number Basic cycle number 


Symbol Addressing Mode 


[d] direct indirect long 
[d], y jdirect indirect long index 
absolute 
absolute index with X 
bsolute index with Y 
absolute long 
absolute long index 
stack relative 


en 
accumulator 

program counter relative 
program counter relative long 


direct index with X 
direct index with Y 
direct indirect 
direct index indirect 
direct indirect index 


absolute indirect 
absolute index indirect 
xyc {block move 
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CYCLES AND BYTES of ADDRESSING MODES 


Chapter 7. Cycles and Bytes of Addressing Modes 


Table 3-7-1 Address Modes 


Address Mode 


. Immediate 

. Absolute 

. Absolute Long 
. Direct 
. Accumulator 
. Implied 

. Direct Indirect Indexed (d), y 
. Direct Indirect Indexed Long [d 
. Direct Indexed Indirect (d, x) 
. Direct, X 

. Direct, Y 

. Absolute, X 
. Absolute Long, X 
. Absolute, Y 

. Relative 

. Relative Long 
. Absolute Indirect (Jump) 
. Direct Indirect 

. Direct Indirect Long 

. Absolute Indexed Indirect (Jump 
. otac 
22. Stack Relative 

23. Stack Relative Indirect Indexed 

24. Block Move X, Y, C (Source, Destination, Block Length 


Notes: 

1. One cycle is added during page crossing upon address formation. 

2. One cycle is added upon branching. 

3. One cycle is added during M=0’s or X=0’s 16-bit operation; furthermore, 1 byte is 
added only to an immediate. 

4. One cycle is added when the direct register’s lower byte (DL) is not 0. 

5. During the read/modify/write command, two cycles are added when M=1, and three 
cycles are added when M=0. 


In Number 
of Program 
Sequence Bytes 


65C816 65C816 
2 


Nw & Wh 
x 


i) 
x 
0 
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Table 3-7-2 Table of Operations 


BIT | AAM (NOTE 1) 
BMI |BRANCH IF N = 1 


della (al, Do 
Eo/Ec] | e4 
Co|cc] | ca 
CE] | Cel3a 6 
CA 
88 
49| 4D] 4F| 45 51/57] 41] 55| | 5D] 5F| 59 
EE] | E6|1A Fe] | FE 
E8 
C8 
4C| 5C 
22 
20 
AQ} AD) AF| AS B1| B7| At BF| Bg 
A2| AE| | AG 
Ao| ACH | Ad B4] |BC 
4E| | 46| 4a 56] |5E 
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Table 3-7-2 Table of Operations 


PROCESSOR 
STATUS CODE 
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Table 3-7-2 Table of Operations 


TABLE OF OPERATIONS 
(continued) 


PBR—> Ms, S- 1s 
P—>Ms,S- —- Ss 


Y—> Ms, & rR?S 
S+1—>S,Ms—> A 
S+1—> S,Ms—> DBR 
S+2—> S,Ms-1,Ms—> D 
S+1—> S,Ms—> P 
S+1—» S,Ms—> X 
S+1—>S,Ms—> Y 
MAP—> P 


+<—c 
RTRN FRO 


RTRN FROM SUB. LONG 
RTRN SUBROUTINE 
A-M-C —~A 


6E 6A 


WOMNO OF LLL 
es COO 
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The following notes apply to Table 3-7-2 on the previous pages. 


1. Bit immediate N and V flags are not affected. 
When M = 0, Mi5—> N and M14-> V. 


2. Break Bit (B) in status register indicates hardware or software break. 


+ Add 

- Subtract 

A AND 

VOR 

¥V Exclusive OR 
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Chapter 8. Differences Among 65C816, 65C02, and 6502 


SR ew BOR ee S86 6 Oe eee ees 6 en eee ee 8 eee ee eee eee eee wwe we cee eee see e eee ere wn ees eee cee eeeonweececccoscas 


Always page 1 
8 bits (E=1) 
16 bits (E=0) 


8 bits 


8 bits 


2. X (X index 
register) 
Y (Y index 
register) 


Page 0’s index 
addressing is 
always page 0 
(E=1); capable 
of page cross 
(E=0) 


Always page 0 


Always page 0 


lator) 


8 bits (M=1) 
16 bits (M=0) 


4. P (Flag 
register) 


N, V, &Z flags 
are valid in 
decimal mode; 


N, V, &Z flags 
are valid in 
decimal mode; 


N, V, &Z flags 
are invalid in 
decimal mode; 
after reset D 
is indefinite; 
after inter- 
rupt, D is 
invariable 


ASL, LSR, 
ROL, & ROR 
w/0 pg cross 

B. Jump indirect 
operand=XXFF 


C. Branching 
that goes 
beyond pg 

D. Decimal mode 


7 cycles 


5 cycles w/ 
invalid pg 
cross 

4 cycles 


No additional 
cycle 


6. BRK vector 


after reset & after reset & 
interrupt, d=0 interrupt, d=0 
7 cycles 6 cycles 
5 cycles 6 cycles 
4 cycles (E=1) 4 cycles 
3 cycles (E=0) 
No additional Add 1 cycle 
cycle 
lf OOFFFE, (E=1) lf FFFE,F BRK 
BRK bit=Oon _ bit=0 on stack 
stack if IRQ, NMI, if IRQ, NMI. 
ABORT. OOFFE6,7 
(E=0) X=X on stack 
always. 
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bit=0 on stack 
if IRQ, NMI. 
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Bank address 
during inter- 
rupt & break 


No PBR push (E=1); 
no PBR pull at RTI 
(E=1) 

Valid PBR push (E=0) 
Valid PBR pull at 

RTI (E=0) 


Invalid 


Invalid 


block) 


MLB=0 during read, 
modify, & write 
cycles 


mi=0 during 
modify and write 


Index ad- 
dressing 
that goes 
beyond page 
(d), y:a, 

Xia, y 


Extra reading of 
invalid address 


Extra reading of 
last command 
fetching 


Extra reading of 
invalid address 


RDY input 
during write 
cycle 


OP code 


Only WDM command 


Not defined; 
processor 
goes wild 


RW during 
read, modify, 
& write com- 
mands 


R/W=0 during 
modify & read 
cycles 


COP command 
signature 
00-7F, user 
define; sig- 
nature 80-FF, 
reserved 


Invalid 


(no operation) 
PBR=00 after reset Invalid 
& interrupt 
R/W=0 during modify  R/W=0 only 
& write cycles (E=1) during write 
RW=0 only during cycle 
write cycle 
VPA SYNC 
Valid Invalid 

(NCL PG 26b) 
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9.1 


9.2 


9.3 


9.4 


Chapter 9. Restrictions Upon Use & Application 
Information 


STACK ADDRESSING 


In native mode, the memory addresses between 000000 - OOFFFF are used as 
the stack. The effective addresses of the stack relatives contained within the stack 
and addressing modes for the stack relative indirect index fall in this range. In em- 
ulation mode, 000100 - 0001FF become the addressing range of the stack. During 
the following OP code or the addressing mode, when 2/3 -byte access is per- 
formed, the range can go beyond the said scope by increment or decrement. 

JSL; JSR 8 (a,x); PEA; PEI; PER; 

PHD; PLD; RTL; d,s; (d,s),y 


DIRECT ADDRESSING 


Direct addressing mode is used when accessing the memory register or pointer. 
In the native mode, the effective addresses compiled by the direct, direct X, and 
the direct Y addressing modes are within the range of 000000 - OOFFFF. In emu- 
lation mode, the effective addresses fall in between the range of 000000 - 
OOOOFF, except for [Direct], [Direct] Y addressing modes and the PEI instruction, 
which increment from OOOOFE or OOOOFF into the stack area. 

In the emulation mode, when DH is not 00, the range of direct addressing is the di- 
rect long, direct long Y as well as OODHFE, or 0ODHOO - OODHFF, excluding [Di- 
rect], [Direct] Y addressing modes and the PEI command that does page 
increment from OODHFE or OODHFF to the next higher page. 

In emulation mode, when DL is not 00, the range of direct addressing is from 
000000 to OOFFFF. 


ABSOLUTE INDEX ADDRESSING 


This mode is used when addressing data outside the direct addressing range. The 
addressing range of the 65C02 is 0000-FFFF. The index addressing from page 
FFXX is the data fetched from OOYY. For the 65C816, the index addressing from 
page ZZFFXX is ZZ+1, OOYY. 


ABORTB INPUT 


A “low” level must be maintained within the one-cycle range. When ABORTB input 
becomes “low” during the abort interrupt sequence, the abort interrupt will be 
made invalid. The internal latch of ABORTB will be cleared during the 2nd cycle of 
the abort interrupt. When ABORTB is input after the following command cycles, 
the content of the register is modified. 
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9.5 


9.6 


9.7 


9.8 
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9.4.1. READ/MODIFY/WRITE 


When abort is input after the modify cycle, the content of the processor sta- 
tus register is modified. 

9.4.2 RTI 
When abort is input after the 3rd cycle, the content of the processor status 
register is modified. 

9.4.3 IRQB, NMIB, ABORTB, BRK, COP 
When abort is input after the 2nd cycle, in emulation mode, PBR and DBR 
become 00; in native mode, PBR becomes 00. The abort interrupt is set for 
a virtual memory system. Therefore, considering the aforementioned con- 
ditions, asynchronous input of abort is not Suggested. 


VDA, VPA MEMORY ADDRESS OUTPUT SIGNALS 


When VDA or VPA is at a “high” level during the write cycle, the address bus is 
valid. VDA and VPA are used to regulate all memory cycles. When both VDA and 
VPA are at a “low” level, invalid addresses are created. Only during the address 
addition of lower bytes, are there cases in which the Page address and the bank 
address become invalid. When the index register is 8 bits, there is an additional 
cycle for the memory read command. During this additional cycle, only the ad- 
dress addition of the lower bytes is performed. For commands that use the 16-bit 
index register, read/modify/write commands that use the 8 or 16-bit index register, 
and for the store command, the aforementioned additional cycle becomes a stan- 
dard cycle. 


FUNCTION of DB/BA WHEN RDY is at a LOW LEVEL 


When RDY is “low”, the data bus will be maintained at the data transfer status 
(i.e., @2=high). To latch the external bank address, G2 clock or RDY must be 
“low”. 


M/X OUTPUT 


The M/X output indicates the M, X bit values of the processor status register. The 
M/X output is invalid during the command cycles that follow the execution of REP, 
SEP, and PLP commands. This cycle is used as the next command’s OP code 
fetch cycle. 


OP CODE’S FUNCTIONS in VARIOUS OPERATION MODES 


All OP codes function in all operation modes, but several commands and address- 
ing modes have been created for the 65C81 6's 24-bit addressing. The following 
commands and addressing modes are for the 65C816. 

JSL; RTL; [d]; [d], y; JMP al; JML; al; al, x 
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9.9 


9.10 


9.11 


9.12 


The following commands have restricted use in the emulation mode. 
(a) In the emulation mode, REP and SEP commands do not convert M and 
X bits. In this mode the M and X bits are always “high”. 
(b) In the emulation mode, MVP and MVN commands use X and Y index 
registers for memory addresses. Furthermore, during MVP and MVN com- 
mands, data transfer is possible only within the memory range of 0000 
(source bank) - OOFF (destination bank). 


INDIRECT JUMP 


For indirect addressing, JMP (a) commands use the direct bank (00). On the other 
hand, for the indirect address table, JMP (a,x) and JSR (a,x) use the program 
bank. 


MODE SWITCHING 


When switching from native mode to emulation mode, the status register’s X and 
M bits are set “high”. The higher bytes of the stack at 01 and the higher bytes of X 
and Y index registers at 00. To maintain the immediate value, those bytes must be 
stored prior to switching the mode. The lower bytes of the S, X, and Y registers as 
well as the higher and lower bytes of the accumulators (A and B) are not affected 
by the mode switching. 


EFFECTS of HARDWARE INTERRUPT or BRK/COP COMMANDS 
on PBR and DBR 


When there is a hardware interrupt or when BRK/ COP commands are executed 
in the native mode, the program bank register (PBR) is cleared (00). The immedi- 
ate contents of the PBR is automatically stored in the stack. 

In emulation mode, when there is a hardware interrupt or when BRK/COP com- 
mands are executed, PBR and DBR are both cleared (00). However, in this case 
the immediate contents of PBR and DBR are not automatically stored in the stack. 
RTI command must be executed in the same mode as the one where the interrupt 
is generated. 


BINARY MODE 


When a hardware or software interrupt occurs, binary mode is set without fail. 
This means that the D flag of the status register is cleared; “low” condition. 
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9.13 


9.14 


9.15 


9.16 
9.17 


9.18 


WAI COMMAND 


The WAI command pulls RDY to a “low” level and converts the processor to WAI 
low power status. NMI, IRQ, and RES terminate the WAI status, shifting control to 
the interrupt processing routine. ABORT input can abort the WAI command, but 
cannot restart the processor. When the | flag of the status register is set (IRQ dis- 
able), the IRQ interrupt will execute the command that follows the WAI command, 
thus moving to the IRQ interrupt processing routine. This system realizes the high 
speed response to the IRQ input. When an interrupt is received after ABORT and 
during the execution of the WAI command, the processor returns to the WAI com- 
mand. Except during RES, the highest priority is given to ABORT, followed by 
NMI and IRQ. 


STP COMMAND 


Under STP command, the @2 signal is terminated to all circuits. Under this com- 
mand, @2 clock is maintained at a “high” level and the data bus is in the data 
transfer status. The bank address is multiplexed to the data bus. 

When the STP command is executed, the RES signal is the only signal that can 
restart the processor. When RES goes low, @2 clock becomes enabled, thus 
Starting the processor. Until the RES signal becomes high the external oscillator 
must be stable and functioning properly. 


COP COMMAND 


Signatures 00 - 7F are to be defined by the user, and 80 -FF are reserved for fu- 
ture applications. 


RDY DURING the WRITE CYCLE 

The NMOS6502 does not stop during the write function. On the contrary, the 
65C02 and the 65C816 stop even during the write function. 

EFFECTS of MVN and MVP on DBR 

MVN/MVP commands convert the values of the data bank register (DBR) to the 
second byte of the command (i.e., destination bank address). 

PRIORITY of INTERRUPTS 


When two or more interrupts occur simultaneously, the interrupts are executed in 
the following order of priority; 
R 


ES highest priority 
ABORT 
NMI 
IRQ lowest priority 
(NCL PG 29630) 
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9.19 


9.20 


RESTRICTIONS AND APPLICATION 


TRANSFER BETWEEN the 8-BIT REGISTER and 16-BiT 
REGISTER 


Any transfer from one register to another will be conducted by full 16 bit output 
from the source register. The size of the destination register determines the actual 
bit to be stored by the destination register and the values that will be stored by the 
processor status register. 
The following commands are transferred as 16 bits regardless of the size of the 
accumulator. 

TCS; TSC; TCD; TDC 


STACK TRANSFER 


In the emulation mode, 01 is assigned to SH. In this case, the B accumulator is 
not at SH under the TSC command. In the native mode, the B accumulator is 
transferred to SH. Regardless of the status of the M bit of the status register, all 16 
bits of the status register are transferred to A, B, and C accumulators in both emu- 
lation and native modes. 
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Chapter 10. Details Of Command Functions 
(Symbol Description) 


AAB Absolute address bank 
AAH Higher absolute address 
AAL Lower absolute address 
AAVH Higher absolute address vector 
AAVL Lower absolute address vector 
Cc Accumulator 

D Direct register 

DBA Destination bank address 
DBR Data bank register 

DO Direct offset 

IDH Higher immediate data 
IDL Lower immediate data 

{@) Internal operation 

P Processor status register 
PBR Program bank register 
PC Program counter 

R-M-W Read/modify/write 

cS) Stack address 

SBA Source bank address 

sO Stack offset 

Xx, Y Index register 


* = 65C816 addressing mode 


@ = 65C02 addressing mode 
blank = NMOS6502 addressing mode 


Notes: 

“1. When M=0 (i.e., 16-bit data), one byte (only immediate) and one cycle are 
added. 

*2. When the lower direct register (DL) is not 0, one cycle is added. 

*3. This is a special example of the abort command. This cycle is the one that 
will be aborted last. When the abort command is given after the deletion of 
this last cycle, the status of PBR, DBR< and other registers change. 

*4. When the index addressing goes beyond the page, one cycle is added dur- 
ing the write function or when X=0. When X=1 or during emulation, this cy- 
cle outputs invalid addresses. 

“5. One cycle is added when branching occurs. 

“6. | When branching goes beyond the page in the 6502 emulation mode (E=1), 
one cycle is added. 

*7. One cycle is deleted in 6502 emulation mode (E=1). 

*8. One cycle is added to REP/SEP commands. 

*9. After the valid input of NMI or IRQ during the second cycle, there is a wait 
for 2 cycles. 
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10.1 IMMEDIATE 
ADDRESS MODE 


1. Immediate # 
(LDY,CPY,CPX,LDX,ORA, 
AND,EOR,ADC,BIT,LDA, 


CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS  R/W 
1. 1 1 1 1 PBR,PC OP Code 


1 
2. 1 1 0 1 PBR,PC+1 IDL 1 
2a. 1 1 0 1 PBR,PC+2 IDH 1 


CMP,SBC,REP,SEP) 
(14 OP Codes) 
(2 and 3 bytes) 
(2 and 3 cycles) 


10.2 ABSOLUTE 

ADDRESS MODE 

2a. Absolute a 
(BIT,STY,STZ,LDY, 
CPY,CPX,STX,LDX, 
ORA,AND,EOR,ADC, — 
STA,LDA,CMP,SBC) 

(16 OP Codes) 


(3 bytes) 
(4 and 5 cycles) 


2b. Absolute (R-M-W)a 
(ASL,ROL,LSR,ROR, 
DEC,INC,TSB,TRB) 


(8 OP Codes) 
(3 bytes) 
(6 and 8 cycles) 


2c. Absolute (JUMP)a 
(JMP) (4C) 
(1 OP Code) 
(3 bytes) 
(3 cycles) 
2d. Absolute (Jump to 
subroutine)a 
(JSR) 
(1 OP Code) 
(3 bytes) 
(6 cycles) 


(different order from N6502) 


“1,8 


CYCLE VPB MLB VDA VPA ADDRESS BUS DATA BUS 


“4 


™ 
*3 
m4 


1 


4 
1 
4 
1 


a a eS ee Ce ee ee ee ee ee 


a oe ee ee ee 


1 1 

1 0 
1 0 
1 1 
1 1 
1 1 

1 0 
1 0 
0 1 
0 1 
0 0 
0 1 
0 1 
1 1 

1 0 
1 0 
1 1 
1 1 

1 0 
1 0 
1 0 
1 1 
1 1 
1 1 

(NCL PG 32) 
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1 


1 
1 
0 
0 


are a wal oo0oo0o0eo- — — 


@aO0o0o0o0A = = 


PBR,PC OP Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
DBR,AA Data Low 
DBR,AA+1 Data High 
PBR,PC OP Code 
PBR,PC+1 AAL 
PBR,PC+2 AAH 
DBR,AA Data Low 
DBR,AA+1 Data High 
DBR,AA+1 10 
DBR,AA+1 Data High 
DBR,AA Data Low 
PBR,PC OP Code 
PBR,PC+1 NEW PCL 
PBR,PC+2 NEW PCH 
PBR,NEW PC OP Code 
PBR,PC OP Code 
PBR,PC+1 NEW PCL 
PBR,PC+2 NEW PCH 
PBR,PC+2 10 

O,S PCH 
O,S-1 PCL 


PBR,NEW PC OP Code 


aremr wf oorsnxa ast 3 = 


REV. A of September 1,1991 


DEVELOPMENT MANUAL 


10.3 ABSOLUTE LONG 


ADDRESS MODE 


3a. Absolute Lon 
(ORA,AND,E a ADC, 


A 
—_ 
—, 
—_ 
ss 


PBR,PC «OP Code 


STA,LDA,CMP,SBC) 1 PBR,PC+1 = AAL 
(8 OP Codes) 1 PBR,PC+2 AAH 
(4 bytes) 1 PBR,PC+3 AAB 
(5 and 6 cycles) 0 AAB,AA DataLow 1/0 
: 0 AAB,AA+1 Data High 1/0 
$e: eee" Long (JUMP)a 1. 1 PBR,PC OP Code 1 
i ss a 2. 1 PBR,PC+1 NEWPCL 1 
(4 bytes) 3. 1 PBR,PC+2 NEW PCH 1 
(4 cycles) 4. 1 PBR,PC+3 NEW PBR 1 
1. 1 NEW PBR,PC OP Code 1 
wg Absolute Long (Jump to 1. 1 PBR,PC OP Code 1 
Subroutine Long)al 2 { PBR,PC+1 NEWPCL 1 
(1 See Codes) 3. 1 PBR,PC+2 NEW PCH 1 
(4 bytes) 4. 0 0,S PBR 0 
(7 cycles) 5. 0 0,S 10 1 
6. 1 PBR,PC+3 NEW PBR 1 
te 0 O,S-1 PCH 0 
8. 0 0,S-2 PCL 0 
1. 1 NEW PBR,PC Next OP Code1 


10.4 DIRECT 


ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 

4a. Direct d 1. 1 71 71 4 PBR,PC OPCode 1 
crYceeepciax| 2 « 4 © 1 PBRPGA Do 1 
ORAAND,EOR,ADC, |*2 2a 1 1 ©0 0  pBRPCs 10 1 

STA, LDA, ,CMP,SBC) S 1 4 4 =«0 O,D+DO DataLow 1/0 

(1 ono 13a #1 #44 «4 «0 O,D+DO+1  DataHigh 1/0 

(3, 4, and 5 cycles) 

4b. Direct (R-M-W) d 1. 1 4 71 4 PBR,PC OPCode 1 
BECING TSE Toy 2 1 1 0 14  PBRPCH DO 1 
(8 OP Codes) *2 2a. 1 1 0 60 PBR,PC+1 lO 1 
(2 bytes) 3. 1 0 1 0 0,D+DO Data Low 1 
PS tame eyes) 1st gg gg. CG O,D+DO+1  DataHigh 1 
*3 «4, 1 0 0 0 0O,D+DO+1 10 1 
5a. 1 0 1 0 0,D+DO+1 DataHigh 0 
a 1 O 4 #0 0,D+DO DataLow 0 


(NCL PG 33) 
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DETAILS OF COMMAND FUNCTIONS 


10.5 ACCUMULATOR 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


5. SLING R a : DEO 1: 1 1 1 1 PBR,PC OP Code 1 
USR,ROR) ’ 2. 1 1 0 oO PBR,PC+1 Ke) 1 
(6 OP Codes) 
(1 byte) 
(2 cycles) 
10.6 IMPLIED 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS RW 
pa. implied i eee 1. 1 1 1 1 PBR,PC OP Code 1 
XCE, ‘TY A Tr AY, TXA, TXS, 2. 1 1 0 0 PBR,PC+1 {e) 1 
TAX, TSX, TCS, TSC, TCD, 
TDC, TXY, TYX, CLC, SEC 
CLI, SEI, CLV, CLD, SED) 
(25 OP Codes) 
(1 byte) 
(2 cycles) 
%& 6b. Implied | 1, 1 1 1 1 PBR,PC OP Code 1 
ae ret 2. 1 1 0 Oo PBR,PC+1 Te) 1 
1 ode) 
(1 byte) 3. 1 1 0 oO PBR,PC+1 Te) 
(3 cycles) 
%& 6c. Wait for Interrupt 1 1 1 1 1 1 PBR,PC OP Code 1 
(WAI) 97 2 1 1 0 O 1. PBR,PC+1 Te) 1 
“abe 3. 1 14 0 O O PBRPC+ 10 1 
(3 cycles) (IRQB,NMIB) 4. 1 1 1 { 1 PBR,PC+1 IRQ(BRK) 1 
%& 6d. Stop the Clock 1 1 1 1 1 1 PBR,PC OP Code 1 
(STP) 2 1 1 0 O 1. PBR,PC+1 te) 1 
Yio RESB=11 3. 1 #1 #0 0 1 PBRPC+ 10 1 
(3 cycles) RESB=0 ic. 1 1 0 O 1. PBR,PC+1 RES(BRK) 1 
RESB=0 ib. 1 1 0 O 1. PBR,PC+1 RES(BRK) 1 
RESB=1 1a. 1 1 0 oO 1. PBR,PC+1 RES(BRK) 1 
1 1 1 1 1 1 PBR,PC+1 BEGIN 1 


10.7 DIRECT INDIRECT INDEXED 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


7. Direct Indirect Indexed(d), 1. 1 1 1 1 PBR,PC OP Code 1 
(ORA, AND, EOR,ADC, 2. 1 1 0 1 PBR,PC+1 DO 1 
STA, LDA,CMP,SBC) 22a 4 4 0 @ PBR,PC+1 fe) 1 

arene 3. 1 4 14 0  O,DsD0 AALS 
(5, 6, 7, and 8 cycles) 4. 1 1 1 0 0,D+DO+1 AAH 1 
*4 4a. 1 1 0 8 6~O DBR,AAH,AAL+YL IO 1 

5. 1 1 1 0 DBR,AA+Y DataLow 1/0 

*4 5a. 1 1 1 0 DBR, AA+Y+1 DataHigh 1/0 


(NCL PG 34) 


REV. A of September 1, 1991 
3-10-4 


10.8 DIRECT INDIRECT 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


8. Direct Indirect 1. 1 1 1 1 PBR,PC OP Code 1 
ingexed'Leng (aly 2 14 4 0 1  — PBR,PC+ DO 1 
NY BACK BQ)” 22a 1 #1 «0 +O  PBRPC# fe) 1 
(8 OP Codes) 3. 1 1 1 0 0,D+DO AAL 1 
(2 bytes) 4. 1 1 1 0 0,D+DO+1 AAH 1 
(6, 7, and 8 cycles) 5. 1 4 14 0 0,D+D0+2 AAB 1 

6. 1 4 14 +0 DBR,AA+Y DataLow 1/0 

16a 1 #4 =#«4 ~«0 DBR, AA+Y+1 DataHigh 1/0 


ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 
9. Direct Indexed Indirect(d,x) : PBR,PC OP Code 1 
2 14 4 0 4 PBR,PC-+1 DO 1 
STA DAGKIS Say” 22a #1 #1 #0 O  PBRPCH fe) 1 
(8 OP Codes) 3 1 1 0 O  PBRPC+ fe) 1 
(2 bytes) 4 1 1+ 4 + 0 O,DsD04x AAL 
Si 7, aha Sicyoier) 5 1 1 1+ 0 O,D+D04X41 AAH 14 
6. 1 1 1 0 DBR,AA DataLow 1/0 
16a. 1 1 14 0  DBR,AAH — DataHigh 1/0 
10.10DIRECT INDEXED WITH X 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESS BUS DATA BUS R/W 


10a. Direct , X d,x : 1 1 1 PBR,PC OP Code 
Oe pr oo " 2. PBR,PC+1 DO 1 
STA, LDA,CMP,SBC) . *2 2a. PBR,PC+1 lO 1 
(12 OP Codes) 3. PBR,PC+1 10 1 
(2 bytes) 4. 0,D+DO+X DataLow 1/0 
4,5, and 6 cycl : : 
Ag Gn CCR) 1 4a. 0,D+D04X+1 Data High 


10b. Direct , X (R-M-W) d,x PBR,PC OP Code 


ie) 
kk i ks 
QOoo0o0o00 = =~ = of a oa om mo oo 
-==-—2@ Of, = O00] = OoO0ocn°o 
ooqeoo0qqoc oo + +-+/;/0 00 0— 


1 
(ASL, ROL, LSR, ROR | PBR 

DEC, INC) *2 2a. Sai) i 
(6 OP Codes) ° 

(2 bytes) 3. PBR,PC+1 Xe) 1 

(6,7,8, and 9 cycles) 4. O,D+DO+X DataLow 1 

*4 4a. 0,D+DO+X+1  DataHigh 1 

*3 «+5. PBR,PC+1 To) 1 

*1 6a. 0,D+DO+X+1 DataHigh 0 

6. 0,D+DO+X DataLow 0 


(NCL PG 35&36) 
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DETAILS OF COMMAND FUNCTIONS 


10.11 DIRECT INDEXED WITH Y 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


11. Direct ,Y d,y 1. 1 1 1 1 PBR,PC OP Code 1 
(STX, LDX) 2. 1 19 + PBR,PC+1 DO 1 
(2 Chen ‘224 4 4 © PBR,PC+1 Te) 1 
(4,5, and 6 cycles) 3. 1 1 0 0 PBR,PC+1 10 1 
4. 1 1 1 0 O,D+DO0+Y DataLow 1/0 
*1 4a. 1 1 1 0 O,D+DO+Y+1 DataHigh 1/0 


ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS' R/W 
12a. Absolute, X a,x : 1 PBR,PC OP Code 1 
erties ADC, 2. 1 1 0 1 PBR,PC+1 AAL 1 
(11 OP Codes) *4 8a. 1 1 0 Oo DBR,AAH,AAL+XL !O 1 
45 Sa Gan 1 1 1 0 DBR,AA+X DataLow 1/0 
i : 1 1 1 0 DBR,AA+X+1 Data High 
12b. Absolute, X (R-M-W) a,x 1. 1 1 1 1 PBR,PC OP Code 1 
aN lal 2 4 4 0 1 PBR,PC+1 AAL 14 
6 OF Coneel 3. 1 1 Oo 1 PBR,PC+2 AAH 1 
4. 1 1 0 O DBR,AAH,AAL+XL IO 1 
ane CYA) 5. 1 0 1 0  DBRAA+X  DataLow 1 
*1 5a. 1 0 1 #0 DBR,AA+X+1  DataHigh 1 
*3 6. 1 0 o oO DBR,AA+X+1 Te) 1 
*1 7a. 1 0 1 #0 DBR,AA+X+1  DataHigh 0 
7. 1 0 1 0 DBR,AA+X DataLow 0 
10.13ABSOLUTE LONG INDEXED 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS'- R/W 
13. Absolute Long, X al,x ‘ PBR,PC OP Code 1 
ORA,AND,EOR,ADC 
STatbaGMessc)| == | |G} PBRPGHL AML 
(8 OP Codes) , 
(4 bytes) 4. 1 1 0 1 PBR, PC+3 AAB 1 
(5, and 6 cycles) 5. 1 1 1 0 DBR,AA+X DataLow 1/0 
*1 5a. 1 1 1 0 DBR,AA+X+1  DataHigh 1/0 
10.14ABSOLUTE INDEXED WITH Y 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS' R/W 
14. Absolute, Y a,y 1; 1 1 1 1 PBR,PC OP Code 1 
STALDAGMPSBG ee] 21 1 PBR PCH AAL 1 
3. 1 1 0 1 PBR,PC+2 AAH 1 
(9 OP Codes) 
(3 bytes) *4 3a. 1 1 0 Oo DBR,AAH,AAL+YL 10 1 
(4,5, and 6 cycles) 4, 1 1 1 0 DBR,AA+Y DataLow 1/0 
*1 4a, 1 | 1 0 DBR,AA+Y+1  DataHigh 1/0 
(NCL PG 36&37) 
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ONES VEVELUPMEN ! MANUAL 


10.145PROGRAM COUNTER RELATIVE 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS R/W 
15. Relative r PBR,PC OP Code 


ReENE BEG BRAY | 02) PBR,PCHt Offset 1 
(9 OP Codes) ‘52a 1020 12 0 s«éPBR PCH 10 1 

(2 bytes) *6 2b. 1 1 Oo 0 PBR,PC+2 10 1 
ai i 1 41 1 4 1. PBR,PC+Offset OP Code 


%* 16. Relative Long ri ; PBR,PC OP Code 1 
Rp Code) 2. 1 1 OO 1 PBR,PC+1 Offset Low 1 

(3 bytes) 3. 1 1 0 1 PBR,PC+2 Offset High 1 

(4 cycles) 4. 1 1 oO 0 PBR,PC+2 re) 1 

1. 1 4 4 4 PBR,PC+Offset OP Code 


10.17ABSOLUTE INDIRECT 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


17a. Absolute Indirect (a) 1 1 1 1 1 PBR,PC OP Code 1 
NOP Code) PBR,PC+1 AAL 
(3 bytes) PBR,PC+2 AAH 
(5 cycles) O,AA NEW PCL 
O,AA+1 NEW PCH 
PBR,NEW PO OP Code 


SOahoNn S[(+ ap ODN ; 
a ee ee ee 
—=-—2-4 wt Ooo -“-/-"- = 4 o0 
—=~OO0O0, 4 «~f3= OO - =« 
ke ek ek ek ef el kk ek ek 


3x1 7b. Absolute Indirect (a) PBR,PC OP Code 
JML 
( (i ho Code) PBR,PC+1 AAL 
(3 bytes) PBR,PC+2 AAH 
(6 cycles) O,AA NEW PCL 
O,AA+1 NEW PCH 
O,AA+2 NEW PBR 
PBR,NEWPC OP Code 
10.18DIRECT INDIRECT 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS'- R/W 
@18. On. aD ES Se 1. 1 1 1 1 PBR,PC OP Code 1 
STA,/DA,CMP.SBC) , z bt 1 1 0 1 PBR,PC+1 DO 1 
(8 OP Code) a. 1 1 0 0 PBR,PC+1 10 1 
. (2 bytes) 3. 1 1 1 0 ©.D+DO AAL 1 
(5,6, and 7 cycles) 4 1 4 14 0  ©.D+D0+1 AAH , 
5. 1 1 1 0 DBR,AA DataLow 1/0 
“4 5a. 1 1 1 0 DBR,AA+1 Data High 1/0 
(NCL PG 38) 
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DETAILS OF COMMAND FUNCTIONS 


10.19DIRECT INDIRECT LONG 


ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS _R/W 

19. Direct Indirect Long [d] 1 1 PBRPC OP Code 1 
NIDA CMPSBC)” 2 1 1 0 1 PBR,PC+1 DO 1 
(8 OP Code) 22a 1 #14 O O  PBR,PC+ lo 1 
(2 bytes) 3 1 #14 #1 #0 ©.DsDO AAL 1 
(6,7, and & cycles) 4 4 1 4 0  0,D+D0+1 AAH 1 
5 611 1 0 (OLD 4D O42 AAB 1 

6 1 1 1 0 — AAB,AA DataLow 1/0 

46a 1 #1 1 + +©  AABAA+ Data High 1/0 


10.20ABSOLUTE INDEXED INDIRECT 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS _R/W 


20a. Absolute Indexed 1 1 PBR,PC OP Code 
ag? a PBR,PC+1 AAL 
(1 OP Code) PBR,PC+2 AAH 
(3 bytes) PBR,PC+2 ite) 
(6 cycles) PBR,AA+X NEW PCL 
PBR,AA+X+1 NEW PCH 


PBR,PC OP Code 


—~remojraoao0oAe]/]aooq0c9cdoe-- 


ADOT PLORON AAD AR WN > 
cr eee Cree es Cree Cres Ces Ce Cree Os re ee er er ee ee 
a ee Cree Ces Cees Ces Cres Cares Ce ee er er ee ee 
=-O0000022A oOo AeA/2A 2eAfF sas 00- 


20b. ferent PBR,PC 
ndirect (Jump to 
Subroutine indexed PBR,PC+1 AAL 
Indirect) (a,x) 0,S PCH 
(JSR) O,S-1 PCL 
“spies” PBR,PC+2 AAH 
(8 cycles) PBR,PC+2 ie) 
PBR,AA+X NEW PCL 1 
PBR,AA+X+1 NEW PCH 1 
PBR, NEW PC Next OP Code1 
10.21STACK 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS' R/W 


21a. siren gig 1 1 1 1 1 PBR,PC 10 1 
nterrupts) s “3 1 PBR,P | 1 
(IRQ,NMI,ABORT,RES) | 7 sl 4 : : OSs” : aa 0 
(4 Hardware Interrupts) . : 
(0 bytes 4. 1 1 1 0 O,S-1 PCH 0 
(7 and 8 cycles) 5. 1 1 1 0 O,S-2 PCL 0 
6. 1 1 1 0 0,S-3 P 0 
7. 0 1 1 0 O,VA AAVL 1 
8. 0 1 1 0 O,VA+1 AAVH 1 
1. 1 1 1 1 O,AAV Next OP Code 1 


(NCL PG 39) 
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SNES DEVELOPMENT MANUAL 


ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS' R/W 
21b. Sia ale 1. 1 1 1 1 PBR,PC OP Code 1 
nterrupts) s *3 2. 1 1 0 1 PBR,PC+1 Signature 1 
(BRK,COP) 73. #4 #4 «14 +0 #«~08 PBR 0 
(2 OP Codes) 
(2 bytes) 4. 1 1 1 0 O,S-1 PCH 0 
(7 and 8 cycles) 5. 1 1 1 0 0,S-2 PCL 0 
6. 1 1 1 0 0,S-3 (COP Latches) P 0 
ri 0 1 1 0 O,VA AAVL 1 
8. 0 1 1 0 O,VA+1 AAVH 1 
1. 1 1 1 1 O,AAV Next OP Code 1 
21c. Stack (Return from 1. 1 1 1 1 PBR,PC OP Code 1 
ert s 2. 1 1 #O 0 PBR,PC+1 Te) 1 
(1 OP Code) "3 3; 1 1 0 0 PBR,PC+1 10 1 
(1 byte) 4. 1 1 1 0 O,S+1 P 1 
aie til el a 5. 1 1 #4 «0 O,S+2 PCL 1 
eoneTgee Order from , 6 4 4+ 4 0 Oss PCH 7 
7 TF: 1 1 1 0 0,S+4 PBR 1 
1. 1 1 1 1 PBR,PC New OP Code 1 
21d. Stack (Return from i. 1 1 1 1 PBR,PC OP Code 1 
“oe s 2 1 #1 0 0  PBR,PCH lo 1 
(1 OP Code) 3. 1 1 0 0 PBR,PC+1 ite) 1 
(1 byte) 4. 1 1 1 0 0,S+1 PCL 1 
(6 cycles) 5. 1 1 1 a) 0,$+2 PCH 1 
6. 1 1 0 0 0,S+2 {e) 1 
4. 1 1 1 1 PBR,PC OP Code 1 
21e. Stack (Return from 1. 1 1 1 1 PBR,PC OP Code 1 
ar Long) s 2 1 #4 0 0 PBR PC+1 lo 1 
(1 OP Code) 3. 1 1 0 0 PBR,PC+1 10 1 
(1 byte 4, 1 1 1 0 0,S+1 NEW PCL 1 
(6 cycles) 5. 1 1 #14 #0 Ose NEW PCH 1 
6. . 1 1 1 0 0,S$+3 NEW PBR 1 
1. 1 1 1 1 NEW PBR,PC Next OP Code 1 
21f. Stack (Push) s 1. 1 1 1 1 PBR,PC OP Code 1 
PHP,PHA,PHY,PHX, 
HD,PHik PHB) : : : ; a ; Ie) : 1 
(7 OP Code) sa : egister High 1 
1 byte 3. 1 1 1 0 O,S-1 Register Low 1 
(3 and 4 cycles) 
21g. Stack (Pull) s 1. 1 1 1 1 PBR,PC OP Code 1 
(PLP,PLA,PLY,PLD,PLB) 2. 1 1 OO 0 PBR,PC+1 10 1 
» aie 3 1 4 4 0 PBRPCH 10 1 
(4 and 5 cycles) 4. 1 1 1 0 O,S+1 Register Low 1 
“1 4a. 1 1 1 0 0,S+2 Register High 1 
(NCL PG 40) 
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DETAILS OF COMMAND FUNCTIONS 


ADDRESS MODE 


% 21h. Stack (Push Effective 
Indirect Address) s 
(PEI) 
(1 OP Code) 
(2 bytes) 
(6 and 7 cycles) 


% 211. Stack (Push Effective 
Absolute Address) s 
(PEA) 
(1 OP Code) 
(3 bytes) 
(5 cycles) 


%& 21). Stack (Push Effective 
Program Counter Relativ 
Address) s 
(PER) 
(1 OP Code) 
(3 bytes) 
(6 cycles) 


oO TAPWNADTAYWN BOHM RO 


CYCLE VPB MLB VDA VPA ADDRESS BUS DATABUS  R/W 


A 


PBR,PC 
PBR,PC+1 
PBR,PC+1 
O,D+DO 
O,D+DO+1 
0,S 
O,S-1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
0,S 

O,S-1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
PBR,PC+2 
0,S 


O,S-1 


“-OCdo0oo0ft!/" fe? ao0ofifr- fA Ftest oOo 


kk kkk kk kkk ek 
ooorAnas BJi0o0onrtrrf/0O 0O OoO0 OH + 


Ss 
—_ 


(NCL PG 41) 


3-10-10 


OP Code 1 
DO 

10 

AAL 

AAH 


OP Code 
Offset Low 
Offset High 
lO 
PCH+OFF+ 0 
CARRY 
PCL+Offset 0 


1 
{ 
1 
1 
0 
0 
1 
AAL 1 
4 
0 
0 
1 
1 
1 
1 
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10.22STACK RELATIVE 
ADDRESS MODE CYCLE _VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 


%& 22. Stack Relative d, s 1. 1 1 1 1 PBR,PC OP Code 1 
Doe 2. 1 4 Oo 4 PBR,PC+1 so 1 
) 3 1 1 0 O  PBRPC+ Ye) 1 
(8 OP Codes) 
2 bytes) 4, 1 1 1 0 0,S+SO Data Low 1/0 
(4 and 6 cycles) ‘14a 1 #4 44 «9 0,S+SO+1 Data High 1/0 
10.23STACK RELATIVE LONG 
ADDRESS MODE CYCLE VPB MLB VDA VPA ADDRESSBUS DATABUS R/W 
* 23. via as, Indirect 1. 1 PBR,PC OP Code 1 
ex 
(ORA ANG: d S).y ADC, 2 1 1 0 1 PBR,PC+1 SO 1 
STA,LDA,CMP ,SBC) 3. 1 1 0 0 PBR,PC+1 10 1 
(8 OP Codes) 4. 1 1 1 0 0,S+SO AAL 1 
. ae vies) i 5. 1 1 1 0 0,S+SO+1 AAH 1 
DS Cyc) 6 1 1 0 0 084804 Te) 1 
7. 1 1 1 0 DBR,AA+Y DataLow 1/0 
“1 7a. 1 1 1 ) DBR,AA+Y+1 = DataHigh 1/0 
(NCL PG 41&42) 
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3% 24b. Block Move Negative 


10.24BLOCK MOVE 
ADDRESS MODE 
3% 24a. Block Move Positive 


(Forward) xyc 
(MVP) 
(1 OP Code) 
3 bytes) 

(7 cycles) 
x=Source Address 
y=Destination 
c=Number of Bytes to 

Move - 1 
x, y Decrement 
MVP is used when the 
destination start ad- 
dress is higher (more 
positive) than the 
source Start address. 


FFFFFF 
Dest. Start 
Source Start 
Dest. End 
Source End 


000000 


(Backward) xyc 
(MVN) 
(1 OP Code) 
(3 bytes) 

(7 cycles) 
x=Source Address 
y=Destination 
c=Number of Bytes to 

Move - 1 
x, y Decrement 
MVN is used when the 
destination start ad- 
dress is lower (more 
negative) than the 
source start address. 


FFFFFF . 
Source End 
Dest. End 
Source Start 
Dest. Start 


000000 


Nona onaNoasaonsNoaasonsinnoasantNonaaentNoaanon 


_- 


ae ee ee Cree ee Ces Cmmrees Cares Ces Ceres Crem Camaros Cures Camere Ca Ce rs re re re ee ee ee a ae 2 
pe re res re re ee ee er ee ee ee ee ee ee ee ee ee ee ee ee ee ee 


=OO32 3-3 0 OH" O00 0 0H 00-42 CoO HA/"AC0O]= 3200-00-24 00 +-00=,200 = 


(NCL PG 42&43) 
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DETAILS OF COMMAND FUNCTIONS 


CYCLE VPB MLB VDA VPAADDRESS BUS DATABUS R/W 


PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X 
DBA,Y 
DBA,Y 
DBA,Y 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X-1 
DBA,Y-1 
DBA,Y-1 
DBA,Y-1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X-2 
DBA,Y-2 
DBA,Y-2 
DBA,Y-2 
PBR,PC+3 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X 
DBA,Y 
DBA,Y 
DBA.Y 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X+1 
DBA,Y+1 
DBA,Y+1 
DBA,Y+1 
PBR,PC 
PBR,PC+1 
PBR,PC+2 
SBA,X+2 
DBA,Y+2 
DBA,Y+2 
DBA,Y+2 
PBR,PC+3 


OP Code 

DBA 

SBA 
Source Data 
Dest. Data 

i{e) 

10 

OP Code 

DBA 

SBA 
Source Data 
Dest. Data 

10 

10 

OP Code 

DBA 

SBA 
Source Data 
Dest. Data 

10 

10 


Dest. Data 
10 
10 
OP Code 
DBA 
SBA 
Source Data 
Dest. Data 
lO 
10 
OP Code 
DBA 
SBA 
Source Data 
Dest. Data 
10 
10 
Next OP Code 


REV. A of September 1, 1991 


Chapter Il. Description of Commands 


FLAGS: 


X - flag changed according to operation or result of instruction 
- flag unchanged (space 

O - flag cleared by instruction 

1 - flag set by instruction 


Notation: 


A,B,C,D,X,Y,S,PC - registers 

—» - data transfer 

<—> - exchange data 

M - byte or 16-bit word memory operand of valid type for given 
instruction 

ADDR - address of instruction or data 

N - 8-bit immediate mode operand 

NN - 16-bit immediate mode operand 

PCH - most significant byte of 16-bit register 

PCL - least significant byte of 16-bit register 

v - AND function 

A - OR function 

() - use the operand as a pointer into memory 


[ADC] Add Memory to Accumulator with Carry 


Mnemonic: ADC M Addressing 

Modes: Immediate 
Function: At-A+M+C Absolute 

_ : ; Absolute Long 
Description: The carry bit and memory operand are added into Direct 

the accumulator. te Indirect Indexed 
irect Indirect Long Indexed 

Status Register: NVMXDIZC Direct Indexed Indirect 


xix} | | | [x[x! Direct Indexed with X 
Absolute Indexed with X 
Absolute Long Indexed with X 
Absolute Indexed with Y 
Direct Indirect 
Direct Indirect Long 
Stack Relative 
Stack Relative Indirect Indexed 
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[AND] AND Memory with Accumulator 


Mnemonic: AND M Addressing 

; Modes: immediate 
Function: AtAVM Absolute 

ass ‘ Absolute Long 
Description: | The AND function operates on accumulator A and Direct 

the memory location. The result is stored in A. Direct Indirect Indexed 
Direct Indirect Long Indexed 

Status Register; NWMXDIZC Direct Indexed Indirect 


Direct Indexed with X 
Absolute Indexed with X 
Absolute Long Indexed with X 
Absolute Indexed with Y 


Direct Indirect 
Direct Indirect Long 
Stack Relative 
Stack Relative Indirect Indexed 
ASL Arithmetic Shift Left 
.. . NVMXDIZC 
Mnemonic: | ASLM;ASLA Status Register: 
Function: operand A or M iin ; 
| i: | LLU] ressing 
C- 0 Modes: Absolute 
b7 b0 Direct 


Description: All the bits in the operand are shifted left by one = Accumulator 
position. Bit 7 is transferred to the carry bit; bitO Direct Indexed with X 
becomes a zero. In the 16-bit mode, bit 15 is Absolute Indexed with X 
Transferred to the carry bit. 


[Bcc] Branch on Carry Clear 


Mnemonic: BCCN Status Register: NVMXD1IZC 


Function: If C = 0 then: PC-4— PC +N (no change) 
Addressing 
Modes: Relative 


Description: __ If the C bit is clear, then a PC relative branch is 
executed. The branch can access any instruction 
in the range + 129 to - 126 bytes relative to the 
first byte of the branch instruction. 


= Branch on Carry Set 
Mnemonic: BCSN Stas Register: NAY MXO1ZE 
Function: lf C =1 then: PC ¢—- PC +N (no change) 


Addressing 
Modes: Relative 


Description: __ If the C bit is set, then a PC relative branch is 
executed. The branch can access any instruction 
in the range + 129 to - 126 bytes relative to the 
first byte of the branch instruction. 


(NCL PG 45) 


REV. A of September 1, 1991 
3-11-2 


SNES DEVELOPMENT MANUAL 


[BEQ| Branch on Equal 


Mnemonic: 


Function: 


Description: 


BIT 


Mnemonic: 


Function: 


Description: 


[BMI 


Mnemonic: 


Function: 


Description: 


BNE] 


Mnemonic: 


Function: 


Description: 


BEQN Status Register: NVMXDIZC 
if Z=1 then: PC < PC+N (no change) 
Addressing 
Modes: Relative 
If the zero bit is set, then a PC relative branch is 
executed. This is true after a subtract or compare 
on any binary values, if the register was the same 
as the memory operand. The branch can access 
any instruction in the range + 129 to - 126 bytes 
relative to the first byte of the branch instruction. 
Bit Test Status Register: RPT LLRLS 
BITM b7 b6 
AvM b15 b14 
Addressing 
Modes: immediate 
: Absolute 
The AND function operates on the accumulator A Direct 


and a memory operand; the result is discarded. 
Only the status bits are affected: neither operand 

is affected. In the 8-bit mode, the N bit is set to 

bit 7 and the V bit is set to bit 6. In the 16-bit mode, 
the N bit is set to bit 15 and the V bit is set to bit 14, 


Direct Indexed with X 
Absolute Indexed with X 


Branch on Minus NVMXDIZC 


Status Register: 
BMI N 


lf N=1 then: PC «- PC +N 


(no change) 


Addressing 
Modes: Relative 


If the negative bit is set, then a PC relative branch 
is executed. This is true after an operation if the 
Sign bit was set. The branch can access 

any instruction in the range + 129 to - 126 bytes 
relative to the first byte of the branch instruction. 


Branch on Not Equal 
ae Status Register: NVMXDIZC 
ee (no change) 
lf Z=0 then: PC «- PC +N 
Addressing 
Modes: Relative 


If the zero bit is clear, then a PC relative branch 
executed. This is true after a subtract or compare 

on any binary values, if the register was not the 

same as the memory operand. The branch can 
access any instruction in the range +129 to - 126 
bytes relative to the first byte of the branch instruction. 
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BPL Branch on Plus NVMXD1IZC 


Status Register: 
Mnemonic: BPLN 
Function: lf N=0 then: PC «— PC +N 


(no change) 


Addressing 
Modes: Relative 


Description: _If the zero bit is clear, then a PC relative branch 
is executed. This is true after an operation if the 
sign bit was clear. The branch can access 
any instruction in the range + 129 to - 126 bytes 
relative to the first byte of the branch instruction. 


BRA 
Branch Always Status Register: NVMXDIZC 
Mnemonic: BRAN (no change) 
Function: PC «— PC +N 
Addressing 
Description: | APC relative branch is always executed. Modes: Relative 
Break Status Register: 
Mnemonic: BRK 
Function: (S)<¢— PBR, (S)}¢— P,PC ¢«— (FFE6,FFE7) 
Addressing 


Description: Break operates like an interrupt; the program Modes: Stack 
bank register is pushed on the stack, then the 
poem counter, and finally the status eee 
(P). The contents of memory locations FFE6 

and FFE7 are then deposited in PCL and PCH, 

eepeayey. The een bank register is set 

to 0. Important: Unlike an interrupt, break 

saves PC + 2. PC + 2 may not be the next 

instruction and correction may be necessary. 


BRL 
Branch Long Always Status Register: NVMXDIZC 
Mnemonic: BRL NN (no change) 
Function: PC ¢— PC +NN 
Addressing 
Description: A PC relative branch is always executed. Modes: Relative Long 
The branch long can access in a 64K 
BVG memory bank. 
Branch on Overflow Clear Status Reaistor: NVMXDIZC 
Mnemonic: BVC N (no change) 
Function: If V=0 then: PC ¢~ PC +N Addioxsi 
Description: __!f the overflow bit is clear, then a PC relative Modes: riaistvs 


branch is executed. This condition is true after 
an operation of two’s complement values, if 
the result was valid (there was no overflow). 
The branch can access any instruction in the 
range +129 to - 126 bytes relative to the first 
byte of the branch instruction. 
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BVS 


Mnemonic: 
Function: 


Description: 


CLC 


Mnemonic: 
Function: 


Description: 
CLD 


Mnemonic: 
Function: 


Description: 
CLI 


Mnemonic: 


Function: 


Description: 


Branch on Overflow Set Status Register: NVMXDIZC 
evan (no change) 
If V=1then:PC ¢- PC+N jess 
ress 
If the overflow bit is set, then a PC relative Mioase:  Haleave 
branch is executed. This condition is true after 
an operation of two’s complement values, if 
the result was invalid (there was an overflow). 
The branch can access any instruction in the 
range +129 to - 126 bytes relative to the first 
byte of the branch instruction. 
Clear the Carry Bit NVMXDIZC 
Status Register: 
an TTT ITT 19) 
C+0O 
Addressing 
The carry bit is set to 0. This is often done Modes: Implied 
before an ADC. 
Clear the Decimal Bit NVMXDIZC 
Status Register: 
ma TT Ter TT 
D<+0 
Addressing 
The decimal bit is cleared, setting the binary Modes: Implied 
mode for ADC and SBC. 
Clear the Interrupt Disable Bi 
rerep : Status Register: NVMXDIZC 
ai PTTL tT 
| +0 
Addressing 
The interrupt disable bit is cleared. This Modes: Implied 


enables interrupts. An interrupt handling 
routine must always clear the | bit or 
other interrupts may be lost. 
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CLV Clear the Overflow Bit ; NVMXDIZC 
Status Register: BOEREEEE 
Mnemonic: CLV 
Function: VO 
Addressing 
Description: | The overflow bit is cleared. Modes: Implied 
[CMP| Compare Memory and Accumulator 
Mnemonic: CMP Addressing 
: Modes: immediate 
Function: A<M Absolute 
Absolute Long 
Description: | The memory operand is subtracted from Direct 
the accumulator and the result is discarded. Direct Indirect Indexed 
Only the status register bits are affected; Direct Indirect Long Indexed 
neither operand is affected. If A is greater Direct Indexed Indirect 
than or equal to M, the C bit is set. Direct Indexed with X 


Absolute Indexed with X 
Pete rath Let is x 
solute Indexed w 
Status Register: RTL Direct Indirect 
Direct Indirect Long 
Stack Relative 
Stack Relative Indirect Indexed 


[COP spss 
CO processor Status Register: 
Mnemonic: COP 
Function: (S}¢— PBR, (S)— PC, (S)4— P, PC ¢~ (FFE4,FFES) 
Description: | Co-processor operates like an interrupt; the Addressing 


program bank register is pushed on the stack, Modes: Stack 
then the program counter, and finally the 

status register (P). The contents of memory 

locations FFE4 and FFE5 are then deposited 

in PCL and PCH respectively. The program 

bank register is set to 0. 


[CPx] Compare Memory to Index X NVMXDIZC 


Status Register: 
Mnemonic: CPX M 


Function: X <M 

Description: | The memory operand is subtracted from the Addressing 
X index register and the result is discarded. Modes: Immediate 
Only the status register bits are affected; Absolute 
neither operand is affected. If X is greater Direct 


than or equal to M, the C bit is set. 
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CPY 


i} 
Compare Memory to Index Y Status Register: NVMXD1IZC 
Mnemonic: CPYM 
Function: Y &M 
Description: — The memory operand is subtracted from the Addressing 
Y index regeeer and the result is discarded. Modes: Immediate 
Only the status register bits are affected; Absolute 
neither operand is affected. If Y is greater Direct 
than or equal to M, the C bit is set. 
Decrement Status Register: NVMXDIZC 
Mnemonics: DECM;DECA 
Function: A ¢-A-1orM@ M-1 Addressing 
Modes: Absolute 
Description: One is subtracted from the specified Direct 
operand. Note that the carry bit is not Accumulator 
affected. Direct Indexed with X 


Status Register: 


[DEX] Absolute Indexed with X 
DEX’ Decrement Index X NVMXDIZC 


Mnemonics: DEX 


Function: XxX X-1 Addressing 
Modes: —|mplied 
Description: One is subtracted from the X index 
register. Note that the carry bit is not 


affected. 
DEY 
Decrement Index Y Status Register: NVMXDIZC 
Mnemonics: DEY LTT TT RL] 
Function: Y €Y-1 Addressing 


Modes: Implied 
Description: One is subtracted from theY index 
register. Note that the carry bit is not 
affected. 
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[EOR} Exclusive - OR Memory with Accumulator 


Mnemonics: EOR Addressing 
Function: A <-AEORM Modes: Immediate 
Description: The logical exclusive - OR operates = Long 


on accumulator A and a memory 
location; the result is stored in A. 


Status Register: NVMXDIZC 


Direct Indirect Indexed 

Direct Indirect Long Indexed 
Direct Indexed Indirect 

Direct Indexed with X 
Absolute Indexed with X 
Absolute Long Indexed with X 
Absolute Indexed with Y 


Direct Indirect 
Direct Indirect Long 
Stack Relative 
Stack Relative Indirect Indexed 
[INC ] Incremen 
? : Status Register: NVMXDIZC 
Mnemonics: INCM;INCA 
Function: A +A+10rM¢- M+1 


Addressing 
Modes: Absolute 


Description: One is added to the specified Direct 
operand. Note that the carry bit is not Accumulator 
affected. Direct Indexed with X 
Absolute Indexed with X 
[INX | Increment Index X : 
Status Register: RTE LL EL 
Mnemonics: INX 
Function: X &X+1 Addressing 
Modes: Implied 
Description: | One is added to the X index 
register. Note that the carry bit is not 
affected. 
Increment Index Y 
Status Register: NVMXDIZC 
Mnemonics: INY 
Function: Y +Y+i1 Addressing 
Modes: |mplied 
Description: | One is added to the Y index 


register. Note that the carry bit is not 
affected. 
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Jump Long 


Mnemonics: JML ADDR Status Register, M-VMXD1IZC 
Function: PC <- (ADDR) PBR <— (ADDR + 2) (no change) 


Description: A new address is loaded into the program Addressing 
counter and the program bank register. Modes: — Absolute Indirect 
The immediate two bytes after the opcode 
point to the three bytes of the new address. 


JUMP | Jump 


Mnemonics: JMP ADDR Status Register: NVMXD1ZC 


Function: PC ¢— ADDR (no change) 


Description: A new address is loaded into the program Addressing 
counter. This address can be 16 bits to jump Modes: Absolute 


within a bank or 24 bits to jump anywhere in Absolute Long 
the 16 megabyte address space. Absolute Indirect 
Absolute Indexed Indirect 
Jump Subroutine Long 
Mnemonics: JSL ADDR Status Register: NVMXDIZC 
Function: (S) - PBR;S e S-1 


(no change) 
(S) + PCH;S <« S-1 
(S) <— PCL;S «+ S-1 
PC <—- ADDR; PBR ¢- ADDR+2 


Description: | The PC and Program bank register are 
pushed onto the stack and a new PC and 
PBR are loaded from memory. This 
instruction allows a jump to a subroutine 
at any address in the 16 megabyte 


memory space. 
JSR Jump to Subroutine 


Addressing 
Modes: absolute Long 


Mnemonics: JSRADDR Status Register: NVMXD1IZC 
Function: (S)  PCH;Sq S-1 (no change) 

(S) + PCL;S — S-1 

PU ARB Addressing 

i Modes: 

Description: — The PC is pushed onto the stack and a new Absolute 

PC is loaded from memory. Absolute Indexed Indirect 
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Load Accumulator from Memory 
LDA M 


DESCRIPTION OF COMMANDS 


Addressing 
Function: A+M Modes: — Immediate 
Absolute 
Description: | The memory operand is loaded into incre Long 


the accumulator. 


Status Register: NVMXDIZC 


Direct Indirect Indexed 

Direct Indirect Long Indexed 
Direct Indexed Indirect 

Direct Indexed with X 
Absolute Indexed with X 
Absolute Long Indexed with X 
Absolute Indexed with Y 
Direct Indirect 

Direct Indirect Long 

Stack Relative 

Stack Relative Indirect Indexed 


Load Index Register X 
Mnemonic: = LDXM Status Register; NWYMXDIZC 
Function: X <M 
Addressing 
Description: | The memory operand is loaded into the Modes: Immediate 
X index register. reo 
ire 


Direct Indexed with Y 
Absolute Indexed with Y 


Load Index Register Y 
Mnemonic: LDYM Status Register: NVMXD1ZC 
Function: Y<+M 
Addressing 
Description: The memory operand is loaded into the Modes: — Immediate 
Y index register. esa 
ire 


Direct Indexed with X 
Absolute Indexed with X 


Logical Shift Right 
_, NVMXDIZC 
sieht LSRM:LSR A Status Register: fol 1111 xix 
Function: operand A or M Andnecl 
= > ressing 
0 | | | TL] C Modes: Absolute 

b7 b0 Direct 

Description: All the bits in the operand are shifted right by one Accumulator 


position. Bit 0 is transferred to the carry bit; bit 7 
erating a zero. In the 16-bit mode, bit 15 is 
set to 0. 


(NCL PG 53) 


3-11-10 


Direct Indexed with X 
Absolute Indexed with X 


REV. A of September 1,1991 


SNES DEVELOPMENT MANUAL 


MVN 


Block Move Negative 
Mnemonics: MVN#NN Status Register: NVMXDIZG 
Function: M<— M; X@— X+ 1; YY Y+1;Ae@ A- 1; DBBR&N (no change) 


Description: — Move a block of memory starting at a low Addressing 
address bk ending at a anes address. Modes: 

e Y index register contains the inati 
destination address of the block and the Block Source Bank, Destination Bank 
X register contains the source address. 
Accumulator A contains the number of 
bytes to move minus one. The X and Y 
registers are incremented after each 
iteration. The first byte after the opcode 
is put in the data bank register and used 
with Y to form the 24-bit address of the 
destination. The second byte is used as 
the data bank address for the source. 


Block Move Positive 


Mnemonics: MVP #NN Status Register: NVMXD1I2ZC 
rumen: M— MiX4— X14 01; A A- 1; BREAN (no change) 


Description: — Move a block of memory Starting at a high Addressing 
address and ending at a lower address. odes: 

e Y index register contains the inati 
destination adctecs of the block and the Block Source Bank, Destination Bank 
X register contains the source address. 

Accumulator A contains the number of 
bytes to move minus one. The X and Y 
registers are decremented after each 
iteration. The first byte after the opcode 
is put in the data bank register and used 
with Y to form the 24-bit address of the 
destination. The second byte is used as 


[NOP] the data bank address for the source. 
INOP| No Operation 


Mnemonics: NOP Status Register: NVMXD1ZC 
Function: None (no change) 
Description: — The processor does nothing for two Addressing 

cycles. This instruction is used to Modes: Implied 


introduce delays or to fill patches in 
a program. 
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[ORA} OR Memory with Accumulator 


Mnemonics: ORAM 


Addressing 
Function: A «AAM Modes: immediate 
Absolute 
Description: The OR function operates on the a Long 
accumulator A and a memo : ; 
location; the result is cored ie A. cele ered iene noexed 
Direct Indexed Indirect 
era 
: solute Indexed wit 
Status Register: NVMXDIZC Absolute Long Indexed with X 


Absolute Indexed with Y 

Direct Indirect 

Direct Indirect Long 

Stack Relative 

Stack Relative Indirect Indexed 


[PEA | Push Effective Absolute Address 


on the Stack 
Push Immediate Data Word 
on the Stack 


Mnemonics: PEA#NN 


Function: (S) + PC+1;S¢ S-1 


(S) — PC+2;S¢ S-1 


The two bytes of data immediately following 
the opcode are pushed onto the stack. 


Description: 


Status Register: 


NVMXDIZC 


(no change) 


Addressing 
Modes: 


Stack 


[PEI | Push Effective Indirect Address on the Stack 


Mnemonics: PEI #N 

Function: = (S) €— (D+ (PC +1));S <- S-1 
(S) — (D+PC+1)+1);S<— S-1 

Description: 


verre immediately following the opcode 
added to the direct register (Dy and the D 
register is used as a pointer to two bytes 
to be put on the stack. The D register is 
not changed and the two bytes must be 


Status Register: 


NVMXDIZC 


(no change) 


Addressing 
Modes: 


Stack 


in bank zero. 
[PER] Push Effective PC Relative Address on the Stack 


NVMXDIZC 


Mnemonics: PER #NN Status Register: 
Function: (S) - PC+NN+2;S <- S-2 (no change) 
Description: | The two bytes of data immediately following the 

opcode are added to the program counter, Addressing 

after the PC has been updated to point to the Modes: Stack 


next instruction, and the value is then stored in 
the stack. The PC and program bank register 
are not changed. The two bytes are actually 
added to the PC + 2. 
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|PHA| Push the Accumulator on the Stack 


NVMXDIZC 


Mnemonics: 
Function: 


Description: 


|PHB 


Mnemonics: 
Function: 


Description: 


PHA Status Register: 
(S) — A;S€ S-1orS= §-2 (no change) 


The contents of the ala are 

shed onto the stack. If the processor ; 
is in the 16-bit memory mode, both Horta 
bytes are put onto the stack and the . 
stack pointer S is decremented by two. 


Stack 


Push the Data Bank Register on the Stack 


PHB Status Register: NVMXDIZC 
(S) ¢— DBR;S<+ S-1 (no change) 
The contents of the data bank register 

are pushed onto the stack. Addressing 


Modes: — Stack 
[PHD] Push the Direct Register on the Stack 


Mnemonics: 
Function: 
Description: 


PHD Status Register: NWVMXDIZC 
(S) + D:-S¢ S-2 (no change) 
The contents of the direct register 

are pushed onto the stack. Addressing 


Modes: — Stack 
[PHK] Push the Program Bank Register on the Stack 


Mnemonics: 
Function: 


Description: 


PHK Status Register: NVMXDIZC 
(S) <— PBR;S « S-1 (no change) 
The contents of the program bank register 

are pushed onto the stack. Addressing 


Modes: Stack 
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[PHP] Push the Status Register on the Stack 


Mnemonics: PHP Status Register: NVMXDIZC 
Function: (S) <—- P;S¢ S-1 (no change) 
Description: | The contents of the status register 

are pushed onto the stack. Addressing 


Modes: Stack 


[PHX| Push the Index Register X on the Stack 


Mnemonics: PHX Status Register: NVMXDIZC 


Function: (S) - X;S€ S-1orS¢+ S-2 (no change) 


Description: | The contents of the X register are pushed 
onto the stack. If the processor is in the 


: Addressing 

16-bit memory mode, both bytes are put : 

on the stack and the stack pointer (S) is Modes: == Stack 

decremented by 2. 

PHY 
Push the Index Register Y on the Stack 

Mnemonics: PHY Status Register: NVMXDIZC 
Function: (S) + Y;S<«- S-1orS< S-2 (no change) 


Description: | The contents of the Y register are pushed 
onto the stack. If the processor is in the 
16-bit memory mode, both bytes are put 
on the stack and the stack pointer (S) is 


Addressing 
Modes: Stack 


decremented by 2. 
PLA Pull the Accumulator off the Stack 
Mnemonics: PLA Status Register: NVMXD1IZC 
Function: S<+ S+iorS# S+2;A¢-(S) 


Description: | The contents of the accumulator are 
pulled from the stack. If the processor 
is in the 16-bit memory mode, both 
bytes are pulled off the stack and the 
stack pointer S is incremented by 2. 


Addressing 
Modes: Stack 
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Pull the Data Bank Register off the Stack 


Mnemonics: PLB Status Register: NWVMXD1ZC 
Function: S <- S$+1;DBR€(S) 
Description: The contents of the data bank register are 
pulled off the stack. Addressing 
Modes: Stack 
PLD : 
Pull the Direct Register off the Stack 
Mnemonics: PLD Status Register; MWVMXD1IZC 
Function: S+ S+2;D¢-(S) 


Description: — The contents of the direct register are 
pulled off the stack. 


Addressing 
Modes: Stack 
PLP 
Pull the Status Register off the Stack 
Mnemonics: PLP Status Register: 
Function: S+ $41;P¢(S) 
Description: The contents of the status register are 
pulled off the stack. Addressing 
Modes: Stack 
PLX 
Pull the Index Register X off the Stack 
Mnemonics: —PLX Status Register; NVMXD1ZC 
Function: S+ S+itorS  $+2;x<-(8) 


Description: — The contents of the X index register are 
pulled off the stack. If the processor is in Addressing 
the 16-bit memory mode, both bytes are Modes: Stack 
pulled off the stack and the stack pointer a 
(S) is incremented by 2. 
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PLY Pull the Index Register Y off the Stack 
Mnemonics: PLY Status Register: NVMXDIZC 
Function: S+ S+1orS + S+2;Y¢-(S) 
Description: | The contents of the Y index register are 
pulled off the stack. If the processor is in Addressing 
the 16-bit memory mode, both bytes are Modes: Stack 


pulled off the stack and the stack pointer 
(S) is incremented by 2. 


[REP] Reset Status Bits 


: ; NVMXD1IZC 
Mnemonics: REP #N Status Register: xx] x[xPx]xTx]x 
Function: P< PvN 
Description: |The al Py and th aperales on nt ac 

register (P) and the complement of the byte ; 
immediately following the opcode; the “oe Immediate 


result is stored in P. 


Rotate Left 
NVMXD1IZC 


Mnemonic: | ROLM;ROLA Status Register: 
Function: C 
operand A or M Addressing 
Modes: poeoliie 
irect 
Description: All the bits in the operand are shifted left by one irect Indexed with j 
sition. Bit 0 comes from the carry bit: bit 7 Absolute Indexed with X 


is put into the carry bit. In the 16-bit mode, 
bit 15 is transferred to the carry bit. 


[ROR] Rotate Right 


_,. NVMXDIZC 
Mnemonic: RORM;RORA Status Register: 
Function: Cc ; 
operand A or M Addressing 
Modes: Absolute 
Direct 
: 7 Direct Indexed with X 
Description: All the bits in the operand are shifted right by one irect Indexed with . 
sition. Bit 7 comes from the carry bit; bit 0 Absolute Indexed with X 


is put into the carry bit. In the 16-bit mode, 
bit 15 is transferred from the carry bit. 
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RTI 


Return from Interrupt 
Mnemonics: RTI Status Register, ‘YM rE C 


Function: S + S+1;P¢(S) 
Se S$+1;PCL+ (S) 
S < S+1;PCH< (s) Addressing 


S + S$ +1; PBR< (S) Modes: Stack 
Description: The status register, the PC, and the 

program bank register are pulled from 

the stack memory. This instruction 

reverses the action of an suction 
and should be placed at the end of an 
interrupt routine. 


Return from Subroutine Long 


RTL 


Mnemonics: RTL Status Register: NVMXD1ZC 


Function: Se $+1;PCL# (S) (no change) 
S < S+1; PCH¢ (S) 


S + S+1; PBR (Ss) Addressing 


Modes: Stack 


Description: |The PC and program bank register are 
pulled from the stack memory. This 
instruction reverses the action of a JSL. 


HTS Return from Subroutine 
Mnemonics: RTS Status Register: NVMXDIZC 
Function: S e S4+1:;PCLe (S) (no change) 
S < $+ 1; PCH¢- (Ss) 
— : Addressing 
Description: — The PC is pulled from the stack memory. Modes: Stack 
This instruction reverses the action of a 
SBC a JSR. 
Subtract Memory from Accumulator with Carry 
Mnemonic: SBCM Addressing 
= Modes: — Immediate 
Function: A¢A-M-C Absolute 
Absolute Long 
Description: | The memory operand and compliment Direct 
of the carry bit are subtracted from the Direct Indirect Indexed 
accumulator. Direct Indirect Long Indexed 
Direct Indexed Indirect 
Direct Indexed with X 
; NVMXDIZ Absolute Indexed with X 
Status Register: x POLE Absolute Long Indexed with X 
Absolute Indexed with Y 
Direct Indirect 


Direct Indirect Long 
Stack Relative 


(NCL PG 60) Stack Relative Indirect Indexed 
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[SEC] Set the Carry Bit 


Mnemonics: SEC Status Register NWVMXD1ZC 
Function: CH] 
Description: — The carry bit is set to 1. This is done before Addressing 

an SBC. Modes: Implied 


[SED] Set the Decimal Bit 


Mnemonics: SED Status Register: NWVMXDIZC 
Function: D1 
Description: The decimal bit is set to 1, specifying the Addressing 

decimal mode for ADC and SBC. Modes: Implied 
Eel |} sna 
Mnemonics: SEl Status Register: NVMXDIZE 
Function: 11 
Description: The ole disable bit is set, disabling Addressing 

interrupts. This instruction is used during Modes: Implied 


interrupt handling routines. 


[SEP | Set Status Bits 


Mnemonics: SEP #N Status Register: 
Function: P# PAN 
Description: The OR function operates on the status Addressing 
register (P) and the byte immediately Modes: Immediate 
following the opcode; the result is stored 
in P. 
(NCL PG 61) 


REV. A of September 1, 1991 
3-11-18 


SNES DEVELOPMENT MANUAL 


STA Store Accumulator into Memory 
Mnemonic: STA M 
Function: MA 

Description: | The contents of the accumulator are 


stored at the memory operand. 


Status Register: NVMXDIZG 
(no change) 
STP Stop the Clock 
Mnemonics: STP 
Function: Stop processor 
Description: The processor and clock stop until 


a reset is done. 


Store Index Register X 

Mnemonics: STX 

Function: Mex 

Description: The X index register is stored at the 

memory operand. 

STY Store Index Register Y 
Mnemonics: STY 
Function: Mey 
Description: — TheY index register is stored at the 


memory operand. 
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Addressing 

Modes: = Absolute 
Absolute Long 
Direct 


Direct Indirect Indexed 

Direct Indirect Long Indexed 
Direct Indexed Indirect 

Direct Indexed with X 
Absolute Indexed with X 
Absolute Long Indexed with X 
Absolute Indexed with Y 
Direct Indirect 

Direct Indirect Long 

Stack Relative 

Stack Relative Indirect Indexed 


Status Register: NVMXDIZC 
(no change) 
Addressing 
Modes: Implied 
Status Register NVMXDIZC 
(no change) 
Addressing 
Modes: Absolute 
Direct 


Direct Indexed with Y 


Status Register: NNVMXD1IZC 
(no change) 
Addressing 
Modes: Absolute 
Direct 


Direct Indexed with X 


DESCRIPTION OF COMMANDS 


STZ Store Zero in Memory 
Mnemonic: STZ M Addressing 
. Modes: = Absolute 
Function: M+ 0 Direct 
Direct Indexed with X 
Description: Zero is stored at the memory operand. Absolute Indexed with X 
Status Register: NVMXDIZC 
(no change) 
TAX Transfer Accumulator into X 
Mnemonics: TAX Status Register: NVMXDIZC 
Function: XA 
Description: The accumulator is transferred into the Addressing 
X index register. The contents of A are Modes: Implied 
not changed. 
Transfer Accumulator into Y 
Mnemonics: TAY Status Register: NVMXDIZC 
Function: Yea 
Description: | The accumulator is transferred into the Addressing 
Y index register. The contents of A are Modes: Implied 
not changed. 
Transfer Accumulator into Direct Register 
Mnemonics: TCD Status Register: NVMXD1IZC 
Function: Dc 
Description: | The 16-bit accumulator (C) is transferred Addressing 
into the direct register. The contents of C Modes: Implied 


are not changed. 
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TCS 


Mnemonics: 
Function: 


Description: 


TDC 


Mnemonics: 
Function: 


Description: 


TRB 


Mnemonics: 
Function: 


Description: 


TSB 


Mnemonics: 
Function: 


Description: 


Transfer Accumulator into Stack pointer 
NVMXDI2ZC 


TCS Status Register: 
$C (no change) 
: : Addressing 
The 16-bit accumulator (C) is transferred ; . 
into the stack pointer. The contents of C Modes: Implied 
are not changed. This instruction changes 
the location of the stack in memory. 
Transfer Direct Register into Accumulator 
TDC Status Register: NVMXDIZC 
C+D 
: : . . Addressing 
The direct register is transferred into the : . 
16-bit accumulator (C). The contents of Modes: Implied 
D are not changed. 
Test and Reset Bits 
TRB M Status Register: NVMXDIZC 
M<MvA 
. Addressing 
The AND function operates on the : 
complement of accumulator A and Modes: Ge 
the memory operand; the result is 
Stored in the memory operand. Any 
bit set in A will be cleared in the 
memory operand. 
Test and Set Bits 
TSB Status Register: NVMXD1IZC 
M#MaA 
: Addressing 
The OR function operates on the ; 
memory operand and accumulator Modes: ela 
A; the result is stored in the memory i 


operand. Any bit set in A will be set 
in the memory operand. 
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TSC 


Mnemonics: 
Function: 


Description: 


TSX 


Mnemonics: 
Function: 


Description: 


Mnemonics: 
Function: 


Description: 


DESCRIPTION OF COMMANDS 


Transfer Stack Pointer into Accumulator 


TSC Status Register: NVMXDIZC 
c+s 
inter i ; Addressing 
The stack pointer is transferred into the ’ . 
16-bit accumulator (C). The contents of Modes: —Implied 
S are not changed. 


Transfer Stack Pointer into REGISTER X 


TSX Status Register: NVMXDIZC 
X<«+S 
inter i into i Addressing 
The stack pointer is transferred into index , 
register X. The contents of S are not Modes: — Implied 
changed. 


Transfer Index Register X into Accumulator 
NVMXDIZC 


TXA Status Register: 
A +X 

. ae : Addressing 
The X index register is transferred into : , 
accumulator A. The contents of X are Modes: Implied 
not changed. 


Transfer Index Register X into the Stack Pointer 


Mnemonics: 
Function: 


Description: 


TXS Status Register: NVMXD1IZC 


S +X (no change) 
Addressing 


The X index register is transferred into Modes: Implied 


the stack pointer. The contents of X are 
not changed. This instruction will change 
the location of the stack in memory. 
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TXY 


Mnemonics: 
Function: 


Description: 


TYA 


Mnemonics: 
Function: 


Description: 


TYX 


Mnemonics: 
Function: 


Description: 


T MANUAL 


Transfer Index Register X into Index Register Y 
NVMXDI!ZC 


TXY Siatus Register: 
Y +X 
The X index register is transferred into Posressing 


the Y index register. The contents of X are Modes: Implied 
not changed. 


Transfer Index Register Y into Accumulator 


TYA Status Register: NVMXDIZC 
A+yY 
; eer ‘ Addressing 
TheY index register is transferred into é : 
accumulator A. The contents of Y are Modes: Implied 
not changed. 
Transfer Index Register Y into Index Register X 
TYX Status Register: NVMXDIZC 
Xx <yY 
: : : : Addressing 
The Y index register is transferred into é ? 
the X index register. The contents of Y are Modes: Implied 
not changed. 


[WAI ] Wait for Interrupt 


Mnemonics: 
Function: 


Description: 


WAI Status Register: NVMXDIZC 
READY <— 0 (no change) 
: Addressing 
The processor stops until an external 2 , 
interrupt occurs. You can use this Modes: Implied 


feature to reduce interrupt latency 

by putting the WAI instruction at the 
beginning of the interrupt service routine 
and setting the interrupt disable bit |. 
when an interrupt occurs, the instruction 
after the WAI will be executed. 
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[XBA| Exchange the B and A Accumulators 


Mnemonics: 
Function: 


Description: 


XCE 


Mnemonics: 
Function: 


Description: 


NVMXD1IZC 


XBA Status Register: 
A<¢ >B . 
The A and B accumulators are exchanged. Addressing 


The M bit in the status register should be 1. Modes: —_ Implied 
The XBA instruction is used when 8-bit 

data is used and an extra register, B, is 

needed. 


Exchange the Carry and Emulation Bits 
XCE NVMXDIZC 


Status Register: (ILLLLLEl 


CoE 


The C and E bits in the status register P 
are exchanged. This instruction is used 
to change the 65C816 operation between 
the native mode and the 6502 emulation 


mode. To set the 65C816 in the native Addressing 

mode, execute the following instructions: Modes: Implied 
CLC 
XCE 


To set the 65C816 back into the emulation 
mode, execute the following instructions: 


SEC 
XCE 
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Chapter 12. AC Characteristics 


ns ;Ta=- 40 ~ 85°C, Voc =5V 410% 
Table 3-12-1 AC Characteristics 
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